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At  present  more  than  iv.lf  of  the  water  supply  of  the  South  Coastal 
urea  of  Southern  California  is  furnished  by  water  from  the  ground  water 
basins  of  the  area.   In  general,  the  drafts  on  the  ground -water  basins  exceed 
the  supply  thereto,  resulting  in  overdraft  conditions  that  are  expressed  by 
the  alarming  decline  of  ground  water  levels.  The  lowered  ground  water  levels 
result  in  higher  costs  of  pumping,  increased  problems  of  maintaining  proper 
salt  balance,  una  in  some  basins,  3ea  water  or  connate  brine  intrusion  which 
threatens  destruction  of  the  utilization  of  the  ground  water  basin. 

The  serious  nature  of  this  continuing  and  increasing  overdraft  of 
the  ground  water  supply  led  many  local  water  agencies  and  water  users  asso- 
ciations to  request  that  detailed  information  on  geology,  hydrology,  and 
basin  operation  be  provided  to  assist  them  in  overcoming  or  at  least  alle- 
viating this  dangerous  condition.   As  a  result  of  these  requests,  many  by 
way  of  formal  resolutions,  the  Southern  District  of  the  Department  of  Water 
Resources  formulated  a  comprehensive  program  for  an  investigation  of  the 
planned  utilization  of  the  major  ground  water  basins  of  Southern  California. 

The  general  objective  of  the  basic  program  is  to  formulate  a 
coordinated  plan  of  operation  that  will  permit  the  maximum  utilisation  of 
these  ground  water  basins  in  conserving  the  local  water  supply  and  in  storing 
and  distributing  imported  water.   To  attain  this  objective  the  work  program 
for  each  basin  investigation  is  divided  into  three  phases:   geology,  hydrol- 
ogy, and  operation  and  management.   The  first  two  phases  provide  the  basic 
information  required  to  develop  a  plan  for  coordinated  ground  water  basin 
operation  and  will  be  detailed  in  interim  reports  as  the  studies  are  completed 
in  each  ground  water  basin.   The  final  report  on  the  planned  utilization  of 


each  ground  water  basin  will  summarize  the  information  contained  in  the 
interim  reports  and  present  and  compare  the  alternative  plans  for  coordi- 
nated operation  of  the  ground  water  basin. 

The  Legislature  provided  funds  during  the  1959  General  Session 
to  initiate  this  program.  The  first  ground  water  basins  to  be  investigated 
underlie  the  Coastal  Plain  of  Los  Angeles  County.  The  first  phase  of  this 
investigation,  the  geologic  study,  has  been  completed  and  is  presented  in 
detail  in  this  report. 
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CHAPTER  I.  INTRODUCTION 
This  report  describes  the  geology  of  the  water-bearing  sediments 
and  formations  of  the  Coastal  Plain  of  Los  Angeles  County,  California.   The 
information  it  contains  will  he  used  to  support  studies  of  the  hydrology, 
water  quality,  and  operational  characteristics  of  the  ground  water  basins  in 
the  area.  The  material  presented  includes  a  description  of  the  geologic 
history  of  the  area,  the  composition  and  extent  of  the  aquifers  of  the  coastal 
plain,  the  areas  where  recharge  to  the  aquifers  from  the  ground  surface  could 
occur,  the  geologic  structure  affecting  the  occurrence  and  movement  of  ground 
water  through  the  area,  and  finally,  a  description  of  the  individual  ground 
water  basins  which  comprise  the  coastal  plain. 

Description  of  Area 

The  area  covered  in  this  report  is  shown  on  Plate  1,  entitled 
"General  Geology  and  Location  of  Area  of  Investigation".  In  Los  Angeles 
and  Orange  Counties  there  is  a  large  coastal  plain  which  extends  inland 
from  the  Pacific  Ocean.   The  ground  water  basins  underlying  this  coastal 
plain  are  complex  and  the  area  is  large;  therefore,  in  order  to  adequately 
meet  the  objectives  of  this  investigation  within  a  reasonable  period  of  time, 
the  area  was  somewhat  arbitrarily  divided  along  the  Los  Angeles -Orange  County 
line.  This  report  considers  only  the  northern  portion  of  the  coastal  plain, 
that  within  Los  Angeles  County.  The  geology  of  the  southern  portion  of  the 
coastal  plain  within  Orange  County  will  be  developed  and  reported  upon 
subsequently. 

The  area  of  investigation  is  then  the  Coastal  Plain  of  Los  Angeles 
County.  It  is  bounded  by  the  Santa  Monica  Mountains  on  the  north,  the  low- 
lying  Elysian,  Repetto,  Merced,  and  Puente  Hills  on  the  northeast,  the 


Los  Angeles -Orange  County  line  on  the  southeast,  and  the  Pacific  Ocean  on 
the  south  and  west.  This  h80   square  mile  portion  of  the  coastal  plain 
slopes  gently  from  the  bordering  highlands  on  the  north  and  northeast 
toward  the  ocean.  The  locations  of  these  features  are  shown  on  Plate  2, 
entitled  "Physiographic  Features  and  Ground  Water  Basins". 

Three  main  stream  channels,  the  Los  Angeles  River,  San  Gabriel 
River,  and  Rio  Hondo  flow  into  the  area  from  the  interior  valleys.  The 
Los  Angeles  River  drains  the  San  Fernando  Valley  and  flows  southward  across 
the  coastal  plain  to  discharge  into  the  Pacific  Ocean  at  San  Pedro  Bay. 
The  San  Gabriel  River  and  Rio  Hondo  drain  the  San  Gabriel  Valley.  The  Rio 
Hondo  flows  southwesterly  across  the  coastal  plain  and  joines  the  Los  Angeles 
River  about  midway  in  its  journey  across  the  coastal  plain.  The  San  Gabriel 
River  flows  southerly  across  the  coastal  plain  and  discharges  into  the 
Pacific  Ocean  about  six  miles  southeast  of  the  mouth  of  the  Los  Angeles 
River . 

Authorization  for  Investigation 

The  Legislature,  by  Chapter  832,  Statutes  of  1929,  directed  that 
exploration  and  investigation  be  conducted  to  further  a  coordinated  plan 
for  the  conservation,  development,  and  utilization  of  the  water  resources  of 
California.  As  a  result  of  this  legislation  and  pursuant  to  authorization 
contained  in  Sections  225  and  226  of  the  Water  Code,  a  continuing  hydrologic 
investigation  of  the  Southern  California  area  has  been  carried  on.  The 
work  generally  included,  among  other  specific  objectives,  compilation  of 
hydrologic  data  for  use  in  a  full  scale  investigation  when  needed  and 
feasible. 

Limited  work  on  the  investigation  of  the  geology  of  the  Coastal 
Plain  of  Los  Angeles  County  was  initiated  in  1955  and  carried  on  to  the 


extent  funds  were  available  in  the  following  years.  During  the  1959  session 
of  the  Legislature,  responsible  local  agencies  in  Los  Angeles  County  were 
instrumental  in  obtaining  a  $150,000  augmentation  of  the  Department's  1959- 
60  budget  to  finance  an  intensive  investigation  of  the  ground  water  basins 
of  Southern  California.  With  these  funds,  it  has  been  possible  to  finish 
this  study  of  the  geology  of  the  area  and  concurrently  carry  forward  hydrol- 
ogic  and  operational  studies  which  will  lead  to  completion  of  plans  for 
operation  of  the  ground  water  complex  underlying  coastal  Los  Angeles  County. 

Previous  Investigations 

Because  of  the  coordinated  efforts  of  both  oil  company  and  academic 
geologists  to  unravel  the  complex  structures  involved  in  the  oil  fields 
within  the  Coastal  Plain  of  Los  Angeles  County,  the  geologic  history  of 
the  deeper  and  older  consolidated  sediments  is  better  known  than  that  of 
the  shallower  water-bearing  materials.  The  younger  shallower  sediments 
have  been  studied  where  interest  in  ground  water  occurrence  and  movement 
has  developed.  Publications  reporting  those  studies  utilized  in  this  in- 
vestigation are  listed  in  the  bibliography. 

W.  C.  Mendenhall  of  the  United  States  Geological  Survey  first 
made  a  broad  survey  of  wells  and  geology  in  the  Upper  Santa  Ana  Valley  and 
the  coastal  plain  in  1905-  As  ground  water  problems  became  apparent,  inter- 
est in  the  younger  alluvial  deposits  gained  impetus  and  further  geologic 
investigations  were  conducted. 

In  193^,  Bulletin  No.  45,  "South  Coastal  Basin  Investigation, 
Geology  and  Ground  Water  Storage  Capacity  of  Valley  Fill",  was  published 
by  the  California  Department  of  Public  Works,  Division  of  Water  Resources. 
The  fragmentary  geologic  work,  both  published  and  unpublished,  which  existed 
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up  to  that  time  was  reviewed,  and  original  field  and  laboratory  studies  of 
the  water-bearing  sediments  of  the  area  were  made. 

After  publication  of  Bulletin  No.  ^5,  relatively  little  work  was 
accomplished  on  the  water-bearing  materials  until  the  United  States  Geological 
Survey  began  an  investigation  which  culminated  in  a  series  of  open-file 
reports  in  the  19^5-^  period.  Some  of  these  reports  have  been  published 
in  recent  years.  Both  the  published  and  unpublished  Geological  Survey 
reports  are  listed  in  the  bibliography. 

A  report  was  prepared  on  an  investigation  of  the  West  Coast  Basin 
by  the  California  Division  of  Water  Resources,  acting  as  Referee  that  was 
entitled  "Report  of  Referee,  California  Water  Service  Company  versus  City 
of  Compton,  et  al  .  .  . ",  included  considerable  detailed  geologic  work  in 
the  West  Coast  Basin.  This  work  was  adopted,  with  minor  modifications, 
for  the  purposes  of  this  investigation. 

Bulletin  No.  170,  "Geology  of  Southern  California",  published  in 
1954  by  the  California  Department  of  Natural  Resources,  Division  of  Mines, 
contains  many  maps  and  articles  on  the  geology  of  the  coastal  plain.  One 
of  the  geologic  contributions  included  in  this  bulletin  is  the  "Geology 
of  the  Los  Angeles  Basin",  by  A.  0.  Woodford,  J.  E.  Schoellhamer,  J.  G. 
Vedder,  and  R.  F.  Yerkes. 

Scope  of  Report 
The  studies  leading  to  this  report  began  in  1955 •  At  that  time, 
it  was  planned  to  investigate  only  the  area  in  and  near  Whittier  Narrows. 
Field  location  of  wells,  both  new  and  old,  began  in  1955  and  continued 
sporadically  in  1956.  Interest  in  the  geology  of  the  coastal  plain  increased 
as  the  formation  of  the  Central  and  West  Basin  Water  Replenishment  District 


was  discussed  and  initiated.  By  1957  it  had  become  apparent  that  geologic 
studies  would  have  to  include  a  larger  portion  of  the  coastal  plain  than 
was  originally  planned,  in  order  to  make  the  geologic  picture  complete. 
Consequently,  the  geologic  studies  have  included  all  of  the  Coastal  Plain 
of  Los  Angeles  County,  with  particular  emphasis  on  the  Central  Basin. 

Previous  detailed  data  accumulated  for  the  West  Coast  Basin  ref- 
erence study  was  utilized  to  the  maximum  extent.  In  addition,  about  200 
drillers  logs  and  electric  logs  of  oil  wells,  3*500  water  well  drillers 
logs,  and  20  electric  logs  of  water  wells  were  used  in  this  study.  Addi- 
tional information  was  obtained  from  records  of  test  holes  and  seismic 
work  of  various  agencies  and  companies.  The  results  of  over  ^0  transmis- 
sibility  tests  made  during  this  study  and  during  the  West  Coast  Basin 
reference  study  were  used.   (See  Table  C,  Attachment  2).  Outcrops  of  impor- 
tant water-bearing  formations  were  visited  in  the  field  and  descriptions  of 
temporary  excavations  visited  by  department  personnel  were  carefully  studied. 
Paleontological  data  were  used  where  possible  to  aid  in  correlation  of  sub- 
surface strata.  In  all  areas,  ground  water  levels  and  water  quality  data 
were  used  to  the  extent  available  in  checking  the  validity  of  these  corre- 
lations . 

Approximately  50  geologic  sections  were  compiled  from  the  logs  of 
water  and  oil  wells.  Fifteen  of  these  are  shown  on  plates  included  with 
this  report.  The  cross  sections  are  oriented  in  north-south  and  east-west 
directions,  since  this  follows  the  prevailing  highway  net  and  more  wells 
are  found  adjacent  to  major  thoroughfares.  This  also  made  it  convenient  to 
form  a  grid  in  order  to  trace  aquifers  across  the  coastal  plain.  Wells  were 
used  wherever  possible  for  matching  the  cross  sections  at  the  points  of 
intersection. 


This  report  contains  six  chapters  in  addition  to  this  introduction. 
Chapter  II,  "Geologic  History",  relates  the  succession  of  geologic  events 
for  which  evidence  is  present  in  the  area  of  investigation.  The  chapter 
begins  with  the  oldest  known  events  and  ends  with  Recent  and  presently 
active  events.  The  third  chapter,  "Physiography",  describes  the  land  forms 
of  the  area  of  investigation.   These  land  forms,  or  physiographic  features, 
are  the  result  of  erosion  combined  with  such  transporting  agents  as  water, 
gravity,  and  wind  acting  over  a  long  period  of  time  upon  the  sediments  and 
rocks  comprising  the  surface  of  the  area.  The  present  drainage  system  and 
the  water-bearing  quality  of  the  physiographic  features  are  discussed  in 
this  chapter. 

Chapter  IV,  "Stratigraphy",  describes  the  sediments  and  rocks  now 
present  in  the  coastal  plain  and  the  aquifers  and  aquicludes  that  have  been 
identified  in  these  sediments.  The  lithology  of  the  more  permeable  Recent 
and  Pleistocene  sediments  is  discussed  from  the  surface  downward  in  some 
detail.  The  older  underlying  sediments  and  rocks,  which  are  generally 
nonwater-bearing,  are  more  briefly  dealt  with. 

The  fifth  chapter,  "Geologic  Structure",  is  concerned  with  the 
structural  features  in  the  coastal  plain  and  their  relation  to  ground  water 
movement.  The  structural  features  include  anticlines,  synclines,  domes, 
and  faults. 

Chapter  VI,  "Description  of  Ground  Water  Basins",  identifies  the 
boundaries  of  the  ground  water  basins  contained  within  the  coastal  plain 
and  takes  up,  basin  by  basin,  the  extent,  thickness,  and  lithology  of  the 
aquifers  and  aquicludes  within  each.   The  connections  between  the  different 
aquifers,  the  areas  where  recharge  to  the  aquifers  is  possible  from  the 


-6- 


ground  surface,  and  the  effects  of  structural  features  on  the  movement  of 
ground  water  through  the  basins  is  also  discussed. 

The  last  chapter,  "Concluding  Remarks",  presents  a  brief  statement 
on  the  value  of  the  data  contained  in  this  report,  and  recommendations  on 
possible  expansion  of  the  data-collection  activities. 
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CHAPTER  II.   GEOLOGIC  HISTORY 

The  geologic  history  of  the  coastal  plain  of  Los  Angeles  County 
is  exceedingly  complex.  Part  of  the  area  under  study,  the  Santa  Monica 
Mountains,  is  included  in  the  Transverse  Range  geomorphic  province,  while 
the  rest  of  the  area  is  in  the  Peninsular  Range  province.   Each  of  these 
two  major  geomorphic  provinces  has  its  own  history  of  development  and  only 
large  scale  earth  movements  has  affected  both  provinces  simultaneously. 

The  physiography,  structure,  stratigraphy,  and  paleontology  of 
an  area  must  be  carefully  considered  in  any  geologic  history,  and  each 
subject  is  complex  in  its  own  way.  The  physiography  or  development  of  land 
forms  and  their  relations  to  one  another,  are  the  product  of  periods  of  de- 
formation, deposition  of  sediments,  sea  level  changes,  and  erosional  patterns. 
As  for  structure,  pre-Pleistocene  geologic  structures  are  not  always  oriented 
in  the  same  direction  as  structures  formed  since  the  Pleistocene  began.  The 
complex  stratigraphy  of  the  area  has  been  further  complicated  by  authors 
who  have  assigned  different  names  to  the  same  formation  found  in  separate 
localities.  Finally,  paleontological  data,  in  many  cases  essential  to  the 
proper  identification  of  formations,  are  often  lacking  in  critical  areas, 
especially  in  sediments  of  Pleistocene  age. 

Succeeding  sections  of  this  chapter  discuss  the  geologic  history 
of  the  area  of  investigation  and  the  broader  scale  regional  geologic  events 
which  have  played  a  role  in  that  history.  Some  of  the  general  features  of 
the  area  of  investigation  and  the  surrounding  region  are  shown  on  Plate  1, 
entitled  "General  Geology  and  Location  of  Area  of  Investigation".   For  the 
purposes  of  the  discussion,  four  major  periods  are  treated:  pre-Miocene, 
Miocene-Pliocene,  Pleistocene,  and  Recent.  The  geologic  history  as  presented 
in  this  chapter  is  of  a  general  nature,  leaving  much  of  the  more  detailed 
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historical  relationships  of  the  various  formations  to  be  discussed  in 
succeeding  chapters.  The  time  divisions  employed  in  discussing  geologic 
events  is  that  employed  in  most  standard  geologic  publications  and  is 
illustrated  on  Plates  3A  and  3B,  entitled  "Areal  Geology".  These  plates 
also  delineate  the  detailed  areal  geology  compiled  from  various  sources 
for  this  investigation. 

Pre-Miocene  History 
Sediments  deposited  during  the  Triassic  period  are  found  in  the 
Santa  Monica  Mountains  and  other  areas  of  Southern  California.  Rocks  similar 
in  lithology  to  Jurassic  rocks  in  other  parts  of  California  have  been  iden- 
tified in  the  offshore  islands,  on  the  Palos  Verdes  Hills,  on  the  San  Pedro 
shelf  in  San  Pedro  Bay,  and  in  Orange  County,  suggesting  relatively  wide- 
spread deposition  of  materials  in  Jurassic  time.  These  Triassic  and  possibly 
Jurassic  sediments  were  metamorphosed  as  a  result  of  rock  deformation  and 
intrusions  of  igneous  rocks,  perhaps  in  Jurassic  time,  and  certainly  in 
Cretaceous  time.  The  early  history  of  the  region  is  summarized  by  E.  S. 
Larsen,  Jr.  et  al  in  United  States  Geological  Survey  Bulletin  1070-B,  "Lead- 
Alpha  Ages  of  the  Mesozic  Batholiths  of  Western  North  America",  (1958),  a 
portion  of  which  is  as  follows: 

"In  southern  California,  the  succession  of  events  bearing 
on  the  age  of  the  batholith  is  deposition  of  fossilif erous 
Triassic  rocks,  folding  and  mild  metamorphism  during  the 
Triassic,  deposition  of  volcanic  rocks  and  associated  sediments 
of  possible  Jurassic  age,  folding  and  metamorphism  of  all  these 
rocks,  intrusion  of  the  batholith,  erosion  to  a  mature  surface, 
deposition  of  gravels,  followed  by  deposition  of  fossiliferous 
Upper  Cretaceous  sediments  (Larsen,  19^).   The  batholithic 
rocks  are  thus  certainly  younger  than  the  Triassic  rocks  and 
older  than  the  Upper  Cretaceous  sediments.  On  the  basis  of 
regional  evidence  Larsen  (l^kQ)   considered  them  to  be  early  Late 
Cretaceous . " 
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The  Southern  California  batholith  was  intruded  over  a  period  of 
about  nine  million  years  ranging  from  105  to  114  million  years  ago.  This 
batholithic  intrusion  emplaced  the  granite  and  granodiorite  which  now  under- 
lie two  large  areas  within  the  coastal  plain.  One  of  these  is  the  "high", 
or  upthrown  block,  underlying  the  Torrance  Plain  and  the  Palos  Verdes  Hills, 
and  the  other  is  the  downdropped  block  beneath  the  Downey  Plain;  these 
features  are  shown  on  Plate  2  entitled  "Physiographic  Features  and  Ground 
Water  Basins".  The  position  of  the  basement  rock  has  been  verified  in  some 
areas  by  deep  oil  wells.  The  boundary  between  these  two  blocks  is  a  fault 
system  which  lies  beneath  the  Newport- Inglewood  belt  of  hills. 

Sediments  of  Early  Cretaceous  age  have  not  been  identified  within 
the  coastal  plain.  Lead-alpha  dating  of  the  granitic  rock  underlying  the 
coastal  plain  indicates  that  this  rock  was  probably  being  emplaced  at  that 
time  and  therefore  that  period  was  probably  one  of  uplift  and  erosion. 
Portions  of  the  Downey  Plain,  however,  are  believed  to  be  underlain  by 
Cretaceous  sediments  that  were  laid  down  upon  the  irregular  surface  of  the 
crystalline  basement.  In  the  Torrance  Plain,  Cretaceous  sediments  are  missing. 
Upper  Cretaceous  continental  sediments,  although  not  identified  in  the  deeper 
parts  of  the  coastal  plain  within  Los  Angeles  County,  were  deposited  uncon- 
formably  on  older  formations  in  the  Santa  Monica  and  Santa  Ana  Mountains. 
In  the  Santa  Monica  Mountains  an  unconformity  at  the  top  of  these  basal 
continental  Upper  Cretaceous  rocks  indicates  that  some  tilting  occurred 
prior  to  the  deposition  of  the  overlying  marine  Upper  Cretaceous  sediments. 

After  minor  structural  deformation  and  erosion,  marine  sediments 
of  Paleocene  and  Eocene  age  were  deposited  where  the  Santa  Monica  Mountains 
and  the  Santa  Ana  Mountains  are  now  found,  and  probably  on  the  coastal  plain. 
During  these  two  epochs,  the  area  west  of  the  Newport-Inglewood  uplift  was 
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probably  a  physiographic  "high"  (Corey,  195*0  •  After  another  period  of 
deformation  and  erosion,  continental  sediments  of  Oligocene  age  were  de- 
posited in  some  areas.  These  continental  beds  indicate  that  at  least  part 
of  the  region  was  above  sea  level  in  Oligocene  time.   Geographic  distri- 
bution of  the  highlands  and  the  shorelines  at  that  time  are  only  vaguely 
known. 

Miocene  and  Pliocene  History 

Deposition  of  marine  sediments  resumed  in  early  Miocene  time, 
accompanied  by  intrusion  and  extrusion  of  as  much  as  4,000  feet  of  basaltic 
material.  An  orogeny  or  series  of  orogenic  movements  during  mid-Miocene 
time  caused  differential  depression  of  the  existing  early  Miocene  features 
and  further  encroachment  of  the  sea.  The  main  embayment  affecting  the  Los 
Angeles  area,  known  as  the  Capistrano  embayment  (Reed,  19^3 )>  extended  in 
a  northwesterly  direction  across  Orange  County  to  the  vicinity  of  Los  Angeles, 
The  landward  end  of  this  embayment  has  been  referred  to  in  geological  liter- 
ature as  the  Los  Angeles  Basin.  The  embayment  served  as  a  catchment  area 
for  materials  being  eroded  from  surrounding  highlands.  It  reached  a  maxi- 
mum size  during  middle  and  upper  Miocene  time.  As  sediments  collected  in 
the  downwarped  basin,  areas  around  the  margins  were  uplifted,  exposing  more 
material  to  weathering  and  erosional  processes.  Thus  the  elevation  of  the 
source  areas  controlled  the  rate  of  deposition. 

Emery  (i960)  states  that  the  series  of  ocean  basins  now  found 
off  Coastal  Southern  California  also  originated  in  the  Miocene  epoch.  As 
the  Los  Angeles  Basin  filled  with  sediments,  the  excess  material  overflowed 
into  adjacent,  nearshore  basins.  As  these  nearshore  basins  filled,  the 
sediments  spilled  into  basins  farther  from  shore.   This  process  of  filling 
and  overtopping  continues  within  the  present  offshore  basins. 
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Repeated  unconformities  in  the  sediments  around  the  margins  of 
the  basin  are  primarily  the  result  of  the  tectonic  activity  which  accom- 
panied the  great  downwarping  of  the  basin  and  the  rising  of  the  adjacent 
highlands.  By  late  Miocene  or  early  Pliocene  time  the  depth  of  the  ocean 
embayment  reached  approximately  4,000  to  6,000  feet.   Sediments  approaching 
5,000  feet  in  thickness  were  deposited  during  early  Pliocene  time.  The 
shoreline  extended  to  the  east  at  least  as  far  as  Pomona  and  north  as  far 
as  the  San  Gabriel  Mountains.   All  features  now  on  the  coastal  plain,  in- 
cluding the  Wewport-Inglewood  uplift,  were  probably  minor  subsea  features, 
if  indeed  they  existed  at  all .   During  late  Pliocene  time  the  downwarped 
Los  Angeles  basin  became  shallower  and  more  limited  in  extent  as  it  filled 
with  another  3*500  feet  of  sediments.  By  the  end  of  the  Pliocene  epoch 
the  coastal  plain  had  undergone  repeated  cycles  of  erosion  and  deposition 
accompanied  by  folding  and  faulting  of  the  pre-existing  sediments. 

To  summarize  the  geological  events  up  to  the  end  of  Pliocene 
time:   The  Southern  California  batholith  was  emplaced  during  the  Jurassic- 
Cretaceous  epochs  followed  by  further  deposition  and  differential  earth 
movements.  During  mid-Miocene  time  continued  earth  movement  formed  the 
embayment  which  contains  the  present  coastal  plain  and  raised  the  adjacent 
highlands.   From  mid-Miocene  time  until  the  end  of  Pliocene  time  the  basin 
became  shallower  as  it  filled  with  sediments. 

Sediments  deposited  during  these  early  periods  are  for  the  most 
part  nonwater-bearing.   However,  in  some  areas,  potable  water  is  present 
in  the  Pliocene  sediments  and  in  the  older  rocks. 
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Pleistocene  History 

The  Pleistocene  epoch  is  generally  considered  to  have  begun 
approximately  1,000,000  years  ago.  Major  glaciation  occurred  at  least  four 
times  during  this  epoch  and  caused  fluctuations  in  sea  level  of  at  least 
400  feet;  The  geologic  events  of  Pleistocene  time  are  illustrated  on 
Plate  k,   entitled  "Generalized  Pleistocene  Chronology,  Coastal  Plain  of 
Los  Angeles  County".   The  interpretation  of  events  shown  on  Plate  h   were 
based  on  data  collected  during  the  course  of  this  investigation,  and  time 
unit  and  sea  level  changes  are  modified  from  previous  work  by  Hinds  (1952), 
Fairbridge  (1958),  Hopkins  (1959),  Flint  (1957),  and  others. 

The  shoreline  during  early  Pleistocene  time  extended  along  the 
south  side  of  the  Santa  Monica  Mountains,  and  probably  across  the  San 
Gabriel  Valley,  north  of  the  area  now  occupied  by  the  Elysian,  Repetto, 
Merced  and  Puente  Hills.  These  hills  were  offshore  features  in  the  process 
of  emerging  from  the  sea.  From  here,  the  sea  apparently  extended  in  a 
southeasterly  direction  along  the  southwestern  edge  of  the  Santa  Ana 
Mountains . 

Depth  of  the  water  in  the  rthittier  Narrows  area,  according  to 
microfossil  data,  exceeded  500  feet.   Location  of  the  old  shoreline  in  the 
vicinity  of  the  present  Elysian,  Repetto,  Merced,  and  Puente  Hills  is  based 
on  marine  fossils  found  in  lower  Pleistocene  deposits  in  the  vicinities  of 
Whittier  and  Los  Angeles  Narrows.  The  Palos  Verdes  Hills  were  also  covered 
by  the  ocean  during  early  Pleistocene  time .  As  time  progressed,  all  these 
areas  were  elevated  above  sea  level.  Such  larger  physiographic  features 
as  the  Santa  Monica  Mountains,  San  Gabriel  Mountains,  and  the  Santa  Ana 
Mountains  in  Orange  County  probably  existed  at  least  as  subsea  features 
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since  early  Miocene  time.  During  Pliocene  and  Pleistocene  time  these 
mountains  were  being  uplifted  to  their  present  elevations. 

Uplift,  accompanied  by  erosion,  was  relatively  rapid  in  some  areas 
but  slow  in  others.  Meanwhile  the  downdropped  areas  continued  to  subside 
and  the  Coastal  Plain  of  Los  Angeles  County  was  filled  with  more  than  1,300 
feet  of  sediments  in  early  Pleistocene  time.  These  sediments  constitute 
the  San  Pedro  formation.  The  Newport- Inglewood  uplift  is  the  only  geologic 
feature  on  the  coastal  plain  which  may  have  occasionally  risen  above  the 
surrounding  flat-lying  areas. 

A  very  important  unconformity  separates  lower  and  upper  Pleistocene 
sediments  throughout  most  of  the  California  Coast  Ranges.  The  orogeny  sug- 
gested by  this  unconformity  has  been  called  the  "Pasadena"  or  "Coast  Range" 
disturbance  (Reed,  19^3b,  p.  118).  This  hiatus,  as  shown  on  Plate  k,   also 
referred  to  as  the  mid-Pleistocene  orogeny,  separates  sediments  which  are 
of  early  and  late  Pleistocene  age.  The  available  evidence  suggests,  how- 
ever, that  several  disturbances  took  place  during  the  Pleistocene  epoch 
and  that  the  time  of  the  unconformity  could  vary  from  area  to  area  as 
erosion  took  place  with  each  new  uplift. 

In  spite  of  the  relatively  short  span  of  geologic  time  involved, 
the  rate  of  deformation  in  the  coastal  plain  is  adequate,  if  assumed  con- 
tinuous, to  have  formed  most  of  the  present  features  since  the  beginning 
of  Pleistocene  time.  The  assumption  that  tectonic  activity  has  been  con- 
tinuous from  the  Pleistocene  to  the  present  time  is  supported  by  two  pieces 
of  geologic  evidence.  First,  upper  Pleistocene  marine  terraces  are  found  on 
the  Palos  Verdes  and  Elysian  Hills  and  on  the  Santa  Monica  Mountains  at 
elevations  varying  from  200  feet  to  1,000  feet  above  the  present  sea  level. 
Equivalent  terraces  elsewhere  are  probably  buried  beneath  the  coastal  plain 
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or  have  been  removed  by  erosion.  Secondly,  differential  tilting  and  de- 
formation of  Pleistocene  and  Recent  aquifers  has  occurred,  and  changes  in 
drainage  patterns,  -wind  gaps,  and  other  features  may  have  been  caused  in 
part  by  tilting  or  by  uplift. 

At  the  beginning  of  late  Pleistocene  time  the  Santa  Monica 
Mountains,  the  Elysian  Hills,  Repetto  Hills,  Merced  Hills,  and  the  Puente 
Hills  apparently  were  not  as  high  above  sea  level  nor  as  rugged  as  they  are 
at  the  present  time.  They  did,  however,  form  the  ocean  shoreline  of  late 
Pleistocene  time. 

Marine  fossils  in  upper  Pleistocene  sediments  near  the  cities  of 
Santa  Monica,  Beverly  Hills  and  Los  Angeles  indicate  that  at  one  time  the 
ocean  extended  inland  across  the  La  Brea  Plain.  Physiographic  features 
similar  to  those  of  the  La  Brea  Plain  are  found  in  the  Montebello  Plain. 
Together,  they  suggest  that  an  upper  Pleistocene  shoreline  existed  near 
the  south  edge  of  the  Repetto  and  Merced  Hills.  No  certain  evidence  has 
been  found  that  upper  Pleistocene  marine  sediments  were  deposited  in  the 
vicinity  of  the  Coyote  Hills,  although  one  late  Pleistocene  marine  fossil 
locality  has  been  reported  (Hoskins,  195^) •  The  lack  of  upper  Pleistocene 
marine  terraces  and  the  continental  nature  of  the  Pleistocene  deposits 
within  the  inland  valleys  led  Eckis  (Calif.  D.W.R.,  193*0  to  infer  that 
late  Pleistocene  seas  never  extended  inland  beyond  the  present  margins  of 
the  coastal  plain. 

Throughout  late  Pleistocene  time  sediments  were  being  deposited 
primarily  in  the  downfolded  areas  of  the  coastal  plain  and,  probably  simul- 
taneously, were  being  deformed  to  some  extent  along  such  uplifts  as  the 
Palos  Verdes  Hills,  Repetto  Hills,  Puente  Hills,  and  possibly  the  Santa 
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Monica  Mountains.  These  late  Pleistocene  sediments  are  named  the  Lakewood 
formation  in  this  report.  The  period  during  which  they  were  being  deposited 
is  illustrated  on  Plate  k.     The  Newport- Inglewood  belt  of  hills  may  have 
existed  as  a  line  of  very  low  hills  in  late  Pleistocene  time.  These  hills 
were  undergoing  continuous  folding  and  faulting,  but  in  general,  deposition 
seems  to  have  been  the  predominant  process  during  this  time..  Outcrops 
clearly  indicate  that  the  basal  portion  of  these  upper  Pleistocene  deposits 
have  been  tilted  as  much  as  eleven  degrees  near  areas  of  uplift,  and  have 
been  downwarped  beneath  the  present  surface  of  the  Downey  Plain. 

Although  the  western  portion  of  the  coastal  plain  was  below  sea 
level  during  at  least  part  of  late  Pleistocene  time,  the  nature  of  the  upper 
Pleistocene  deposits  indicates  that  the  shoreline  apparently  fluctuated  and 
the  resulting  deposits  are  extremely  complex. 

World-wide  changes  of  sea  level  during  Pleistocene  time  caused 
the  oceans  to  withdraw  several  times  from  the  coastal  plain.  This  was  com- 
bined with  intermediate  periods  of  advance  of  the  ocean  onto  the  land. 
These  recessions  and  advances  occurred  independently  of  the  land  movements. 
Plate  h   shows  diagrammatically  the  possible  fluctuations  of  sea  level  in 
Pleistocene  and  Recent  times  with  suggested  dates  for  each  fluctuation. 
Withdrawals  of  the  ocean  caused  erosion,  and  a  rise  in  sea  level  caused 
deposition.  That  both  of  these  conditions  occurred  at  least  once  in  late 
Pleistocene  time  is  clearly  seen  in  the  stratigraphic  sequences  in  the 
coastal  plain.  At  least  one  deposit  of  marine  sand  (which  now  comprises 
the  Gage  aquifer)  was  exposed  as  the  sea  level  fell,  probably  during  the 
Illinoian  glacial  stage.  A  channel  was  eroded  into  these  deposits  by  a 
river,  or  rivers,  entering  the  coastal  plain  through  the  Los  Angeles  or 
Whittier  Narrows  or  both.   The  resultant  channel  formed  by  these  streams 
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extended,  not  toward  Dominguez  Gap  as  does  the  present  Los  Angeles  River, 
but  westerly  toward  Gardena  and  Redondo  Beach.  This  channel  was  backfilled, 
with  coarse  river  gravels  that  form  the  present  Gardena  aquifer, as  sea 
level  rose  because  of  the  melting  of  the  Illinoian  stage  glaciers. 

As  sea  level  continued  to  rise  (probably  during  the  beginning  of 
the  Sangamon  interglacial  period  ), portions  of  the  Gardena  aquifer  inland 
from  Lynwood  were  removed  by  wave  action,  and  what  remained  was  then  covered 
by  marine  sands,  silts,  and  clays.  These  new  sand  deposits  cannot  now  be 
differentiated  from  the  lower  sands,  and  together  they  form  the  Gage  aquifer. 

All  evidence  of  the  stream  which  flowed  through  the  Gardena  and 
Redondo  Beach  areas,  as  well  as  the  Gage  aquifer,  was  eventually  covered 
by  deposition  of  shallow  marine  silts,  clays  and  some  sands .   In  the  El 
Segundo  Sand  Hills  these  deposits  (exposed  in  deep  cuts  in  1957  and  1958) 
consisted  of  beach  sands.  These  beach  sands  extended  across  what  is  now 
Ballona  Gap  onto  Ocean  Park  Plain  where  they  were  partly  interfingered  with 
later  upper  Pleistocene  alluvial  fans  deposited  by  streams  emanating  from 
the  Santa  Monica  Mountains.  Erosion  has  subsequently  removed  the  dunes 
and  underlying  materials  from  Ballona  Gap.  Further  inland,  alluvial  material 
was  being  deposited  concurrently  by  the  major  stream  systems.  Since  deposi- 
tion of  the  Gage  and  Gardena  aquifers  and  the  overlying  fine-grained  sedi- 
ments, they  have  all  been  slightly  folded  and  cut  by  minor  faults  along  the 
Newport- Inglewood  uplift. 

During  the  last  lowering  of  sea  level,  at  the  beginning  of  the 
Wisconsin  glacial  stage,  it  appears  that  the  beach  sands  along  the  El  Segundo- 
Redondo  Beach  area  were  exposed  to  the  winds  and  blown  inland  to  form  the 
present  El  Segundo  Sand  Hills  and  part  of  the  Ocean  Park  Plain.  As  sea 
level  fell  and  the  sea  retreated,  the  Los  Angeles  and  San  Gabriel  River 


-17- 


systems  eroded  the  upper  Pleistocene  sediments,  forming  Dominguez  Gap. 
Streams  draining  the  Santa  Monica  Mountains  across  the  Sawtelle  Plain  and 
the  Hollywood  Piedmont  Slope  cut  through  the  El  Segundo  Sand  Hills  and 
probably  the  Baldwin  Hills  to  form  Ballona  Gap.  At  various  times,  the  Los 
Angeles  River  and  possibly  the  Rio  Hondo-San  Gabriel  River  system  drained 
seaward  through  Ballona  Gap.  Since  the  last  rise  of  sea  level  (post- 
Wisconsin  or  Recent  time),  the  Los  Angeles  and  San  Gabriel  River  systems 
have  reached  the  sea  mainly  through  Dominguez  and  Alamitos  Gaps,  respectively. 

Fluctuations  of  sea  level  associated  with  the  last  glacial  stage 
have  been  rather  complex  in  other  portions  of  the  world  and  available  evi- 
dence indicates  that  such  fluctuations  were  complex  in  this  region  as  well. 
Because  of  these  complexities  it  is  almost  impossible  to  tell  at  which 
period  any  given  sand  or  gravel  was  deposited  or  when  any  given  gap  in 
the  coastal  plain  was  cut  or  backfilled. 

Wind  gaps  in  the  Santa  Monica  Mountains,  and  the  Elysian,  Repetto, 
Merced,  and  Puente  Hills  indicate  that  streams  other  than  those  now  existing 
have  flowed  from  the  San  Fernando  and  San  Gabriel  Valleys  across  what  are 
now  the  bordering  highlands  into  the  present  coastal  plain.  Most  of  these 
streams  probably  were  formed  while  the  bordering  highlands  and  mountains 
were  being  raised. 

Recent  History 
Recent  geologic  time,  as  defined  in  this  report,  began  with  the 
melting  of  the  last  extensive  world-wide  glacial  ice  sheets.  This  event 
began  about  15,000  years  ago  according  to  Shepard  (1956)  and  Hopkins  (1959), 
and  evidently  occurred  rapidly,  for  the  sea  level  rose  at  an  accelerated 
rate.   Coarse  gravels  were  deposited  or  backfilled  in  the  stream  channels 
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throughout  the  coastal  plain.  In  Ballona  Gap  such  material  is  found  up  to 
60  feet  below  the  present  sea  level.  This  stream  aggradation  was  accom- 
panied by  wave  erosion  of  the  marine  terrace  deposits  on  exposed  beaches 
and  by  marine  deposition  offshore.  About  9>000  years  ago  the  rate  of  sea 
level  rise  began  to  decrease  and,  as  stream  gradients  decreased,  finer 
materials  were  deposited  in  Dominguez  and  Ballona  Gaps.  Baymouth  bars  cut 
off  the  mouths  of  streams  at  various  times,  forming  lagoons  and  playa  lakes. 
At  the  present  time  Dominguez,  Ballona,  and  Alamitos  Gaps  all  contain  con- 
siderable lagoonal  deposits  at  shallow  depth.  The  sea  level  was  stabilized 
near  its  present  level  about  i+,000  years  ago,  though  a  slight  sea  level 
rise  occurred  about  1200  A.  D.  which  may  have  led  to  deposition  of  the  peat 
now  found  in  some  areas  near  the  coast. 

Events  that  have  occurred  during  the  period  of  recorded  history 
may  help  to  reveal  what  has  happened  during  the  geologic  past.  Prior  to 
1825  and  again  during  the  flood  of  1867-68,  the  Los  Angeles  River  flowed 
westerly  from  the  Los  Angeles  Narrows  through  Ballona  Gap  instead  of  south 
through  Dominguez  Gap.  It  is  reasonable  to  assume  that  if  rapid  changes 
in  the  drainage  patterns  can  occur  in  such  a  short  time  they  may  have 
occurred  many  times  in  the  geologic  past.  The  Santa  Ana  River  is  shown  on 
older  United  States  Geological  Survey  topographic  maps  as  flowing  westerly 
from  the  mouth  of  Santa  Ana  Canyon  across  Orange  County  in  the  direction 
of  the  present  Coyote  Creek  drainage.  The  sediments  which  fill  the  basin, 
creating  the  flat,  tilted  plain  that  now  exists,  probably  were  deposited 
by  streams  migrating  back  and  forth  across  the  coastal  plain. 

Earthquakes  occurring  during  historic  times  indicate  that  the 
coastal  plain  and  surrounding  highlands  are  still  actively  being  folded 
and  faulted.  Deposition  of  active  dune  sands  along  the  coast  bordering 
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Santa  Monica  Bay  and  erosion  and  deposition  of  sediments  by  streams  and 
by  the  ocean,  is  continuing  where  not  controlled  by  man. 
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CHAPTER  III.   PHYSIOGRAPHY 
This  chapter  describes  the  land  forms  or  physiographic  features 
in  and  surrounding  the  Coastal  Plain  of  Los  Angeles  County.  Within  the  area 
of  investigation  portions  of  two  geomorphic  provinces  are  present.  The 
coastal  plain  is  in  the  northwest  corner  of  the  Peninsular  Range  geomorphic 
province,  which  extends  southward  into  San  Diego  County  and  Baja  California. 
The  Peninsular  Range  province  consists  of  essentially  northerly  and  north- 
westerly trending  mountain  ranges  and  associated  valleys.  This  province  is 
bordered  on  the  north  by  the  Transverse  Range  province,  an  east-west  trending 
series  of  mountains  which  include  the  Santa  Monica  and  San  Gabriel  Mountains. 
The  northern  portion  of  the  coastal  plain  is  a  part  of  the  transition  area 
between  these  two  major  geomorphic  provinces  and  the  physiographic  features 
reflect  the  complexity  of  the  underlying  structure  caused  by  the  abruptness 
of  this  transition. 

The  major  land  forms  of  the  coastal  plain  consist  of  bordering 
highlands  and  foothills,  older  plains  and  hills,  and  younger  alluvial  plains, 
the  rivers  which  drain  the  area,  and  the  offshore  topography.  Names  of  land 
forms  utilized  by  Poland,  et  al.,  (19^5>  1956)  are  used  herein  except  where 
additional  features  have  been  named,  and  their  locations  are  shown  on 
Plate  2. 

Bordering  Highlands  and  Foothills 
Highland  areas  adjacent  to  the  coastal  plain  include  the  Santa 
Monica  Mountains,  the  Palos  Verdes  Hills,  and  the  Puente  Hills.  All  of 
these  features  are  geologically  young  in  origin,  moderate  to  bold  in  relief, 
and  generally  mature  in  form. 
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The  highest  elevations  on  these  highlands  within  the  area  of  inves- 
tigation are:  Santa  Monica  Mountains,  2,126  feet;  Puente  Hills,  1,387  feet; 
and  the  Palos  Verdes  Hills,  1,U80   feet.  The  highland  areas  are  more  or  less 
gullied  and  incised  "by  streams,  though  extensive  relatively  smooth  surfaces 
remain  which  have  not  been  entirely  removed.  These  smooth  surfaces  and  their 
associated  subdued  hills  and  valleys  are  possibly  remnants  of  an  old  erosion 
surface  (Eldridge  and  Arnold,  1907 )>  which  has  been  deformed,  uplifted,  and 
removed  in  most  areas  by  more  recent  erosion. 

Thirteen  wave-cut  terraces  on  the  Palos  Verdes  Hills,  extending 
up  to  1,300  feet  above  sea  level,  have  been  identified  by  Woodring,  et  al., 
(I9k6).     Similar  wave-cut  terraces  have  been  described  in  the  Santa  Monica 
Mountains  and  offshore  islands  (i.e.,  San  Miguel,  Santa  Rosa,  and  Santa 
Cruz  Islands)  to  the  northwest  and  west  of  this  area,  but  within  the  coastal 
plain  only  the  equivalent  of  the  lower  terraces  have  been  identified.  As 
mentioned  in  the  chapter  on  geologic  history,  these  terraces  indicate  con- 
tinued uplift  of  the  highland  areas  in  late  Pleistocene  time. 

The  highland  areas  generally  consist  of  relatively  impermeable 
rocks  which  yield  little  water  to  wells.  Minor  springs  and  seeps  add  to 
direct  runoff  from  precipitation  and  are  probably  a  negligible  source  of 
supply  to  adjacent  water-bearing  areas.  Springs  and  seeps  contribute  to 
slope  stability  problems  in  certain  areas. 

The  foothills  are  the  Elysian,  Repetto,  and  Merced  Hills.  These 
hills  are  mostly  underlain  by  Tertiary  rocks  and  may  have  been  one  continuous 
surface  at  some  time  in  the  past  (Poland,  et  al.,  1956).  These  features, 
like  the  highlands,  are  geologically  young.  The  Elysian  and  Repetto  Hills 
are  now  separated  by  the  Los  Angeles  Narrows,  and  the  Repetto  and  Merced 
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Hills  are  separated  by  an  abandoned  stream  channel  along  Potrero  Grande 
Drive.  Whittier  Narrovs  separates  the  Merced  Hills  from  the  Puente  Hills. 

Maximum  elevations  in  the  foothills  are:  Elysian  Hills,  757  feet; 
Repetto  Hills,  735  feet;  and  the  Merced  Hills,  550  feet.  These  features 
have  moderate  relief  and  have  "been  considerably  eroded.  Probable  wind  gaps 
are  present  in  the  Elysian  Hills  along  Los  Feliz  and  Silverlake  Boulevards. 
Wind  gaps  are  also  present  in  the  Repetto  Hills  north  of  Boyle  Heights, 
east  of  City  Terrace,  and  along  Eastern  Avenue,  Monterey  Pass  Road,  Atlantic 
Boulevard  and  Potrero  Grande  Drive. 

The  Tertiary  sediments  in  these  foothills  are  essentially  nonwater- 
bearing.  Water-bearing  materials  are  present  only  in  small  thin  patches 
and  supply  little  water  to  wells. 

Older  Plains  and  Hills 

Many  physiographic  features  in  the  coastal  plain  are  characteris- 
tically covered  with  a  reddish,  or  brown,  deeply  weathered  soil  formed  prior 
to  Recent  time.  In  some  areas  this  soil  and  the  surface  which  it  forms  may 
be  in  its  original  position,  but  in  many  areas  both  it  and  the  underlying 
sediments  have  been  warped,  folded,  faulted  and  at  least  partially  eroded 
away.  In  other  areas  this  deeply  weathered  soil  has  been  downwarped  and 
covered  with  younger  alluvial  material. 

Land  forms  characterized  by  the  red  weathered  soil  include  older 
dissected  alluvial  aprons,  the  Coyote  Hills,  older  marine  plains,  the  El 
Segundo  Sand  Hills,  and  the  Newport- Inglewood  belt  of  hills.  Most  of  these 
land  forms  were  formed  at  essentially  the  same  time  and  have  been  deformed 
and  eroded  to  about  the  same  degree.  The  Coyote  Hills,  near  the  eastern 
boundary  of  the  county,  and  the  Baldwin  and  Signal  Hills,  which  are  part  of 
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the  Newport- Inglewood  belt  of  hills,  have  been  uplifted  and  eroded  to  a 
greater  degree  than  most  of  the  other  features  included  in  this  group. 
Available  evidence  suggests,  however,  that  a  deeply  weathered  soil  was 
formed  on  these  features  before  the  latest  erosional  cycle  began. 

Older  Dissected  Alluvial  Aprons 

The  older  dissected  alluvial  aprons  are  located  adjacent  to 
the  highlands  and  foothills  previously  described.  In  this  category 
are  the  Santa  Monica  Plain,  La  Brea  Plain,  Montebello  Plain,  and  the 
Santa  Fe  Springs  Plain.  Their  locations  are  shown  on  Plate  2.  Soils 
of  deeply  weathered,  reddish  material,  3  to  20  feet  thick,  have  developed 
on  the  surface  of  these  alluvial  aprons.  Within  this  soil  profile,  rock 
fragments,  cobbles  and  boulders  are  commonly  deeply  weathered  and  soft. 
These  soil  features  are  easily  recognized  in  most  of  the  areas  where  they 
have  been  preserved  from  erosion.  The  older  dissected  alluvial  aprons 
are  generally  underlain  by  water-bearing  sediments  of  considerable 
thickness.  Some  parts  of  these  areas  are  susceptible  to  recharge,  and 
changes  in  ground  water  storage  could  occur  in  some  underlying  aquifers. 

Santa  Monica  Plain.  The  Santa  Monica  Plain  lies  along  the 
south  flank  of  the  Santa  Monica  Mountains  and  extends  from  the  ocean 
inland  to  the  Newport- Inglewood  belt  of  hills.  The  plain  has  been 
dissected  by  streams  draining  the  Santa  Monica  Mountains.  Streams 
draining  Sepulveda,  Dry,  Stone,  and  Brown  Canyons  have  eroded  and  back- 
filled an  area  near  Sawtelle,  leaving  a  surface  which  slopes  to  the 
southeast  and  lies  at  a  lower  elevation  than  the  Santa  Monica  Plain. 
This  area,  referred  to  as  the  Sawtelle  Plain  in  this  report,  is 
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discussed  under  a  subsequent  subheading  -  Alluvial  Aprons.  The  Santa 
Monica  Plain  was  originally  deposited,  however,  in  the  form  of  several 
large  alluvial  fans  which  overlapped  onto  the  Ocean  Park  Plain  and 
Beverly  Hills.  Remnants  of  the  surface  of  these  fans  are  found  175 
feet  to  about  500  feet  above  sea  level.  Gradients  from  apexes  to  the 
lower  end  of  the  surfaces  average  about  150  feet  per  mile. 

La  Brea  Plain.  The  La  Brea  Plain  is  located  east  of  the 
Newport- Inglewood  belt  of  hills  and  west  of  the  Elysian  Hills.  A 
surface  was  originally  cut  by  the  sea  during  Pleistocene  time  on  lower 
Pleistocene  and  older  formations.  On  this  eroded  surface  90  to  200 
feet  of  alluvial  sediments  have  been  deposited,  the  top  of  which  now 
forms  the  La  Brea  Plain. 

The  La  Brea  Plain  has  apparently  been  warped  into  an  east- 
west  anticlinal  structure  extending  westerly  from  the  Elysian  Hills. 
Because  of  this  warping  and  partial  uplifting,  the  plain  is  being  dis- 
sected and  removed  by  erosion.  A  younger  series  of  alluvial  fans  forming 
the  Hollywood  piedmont  slope  have  buried  the  La  Brea  Plain  from  the 
north.  Poland,  et  al.,  (1956)  described  the  La  Brea  Plain  and  the  Santa 
Monica  Plain  as  being  of  similar  origin,  and  additional  exposures  and 
close  study  of  the  land  forms  indicate  that  both  of  these  forms  are 
related  in  age  to  the  Ocean  Park  Plain  and  the  Torrance  Plain. 

Montebello  Plain.  The  Montebello  Plain  extends  south  of  the 
Repetto  and  Merced  Hills  between  the  Los  Angeles  River  and  the  Rio  Hondo  and 
has  been  folded  by  an  east-west  anticlinal  flexure  extending  westerly  from 
the  Montebello  oil  field.  South  of  this  anticlinal  area,  the  Montebello 
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Plain  dips  very  gradually  toward  the  Downey  Plain  and  continues  "beneath 
a  portion  of  it.   In  the  area  which  has  been  affected  or  folded  by  the 
extension  of  the  Montebello  anticline,  the  Montebello  Plain  has  been 
dissected  by  small  streams  draining  southward  from  the  Repetto  Hills, 
forming  deep  gullies  crossing  the  axis  of  the  fold.  Along  the  north 
side  of  the  Montebello  Plain  near  Boyle  Heights,  the  physiographic 
relationships  suggest  that  a  marine-cut  terrace  was  formed  prior  to 
deposition  of  the  alluvial  materials  that  now  form  the  present  surface 
of  the  Montebello  Plain  in  that  area.  However,  fossil  evidence 
supporting  this  theory  is  absent. 

Santa  Fe  Springs  Plain.  The  Santa  Fe  Springs  Plain  is  located 
south  of  Whittier  and  east  of  the  San  Gabriel  River,  in  the  area  of  the 
City  of  Santa  Fe  Springs,  and  is  apparently  a  continuation  of  the  Coyote 
Hills  uplift  to  the  southeast.  The  Santa  Fe  Springs  Plain  is  only  a  low, 
slightly  rolling  topographic  feature  unlike  the  somewhat  rugged  Coyote 
Hills  to  the  southeast.  The  Santa  Fe  Springs  Plain  has  probably  been 
warped  by  the  Santa  Fe  Springs- Coyote  Hills  anticlinal  system  and  dips 
gently  both  to  the  northeast  toward  Whittier  and  to  the  southeast  toward 
the  Downey  Plain.  The  difference  in  elevation  ranges  from  100  to  175 
feet  above  sea  level. 

Coyote  Hills 

The  Coyote  Hills,  a  youthful  anticlinal  feature,  are  most 
developed  in  Orange  County.  The  feature  continues  northwesterly  into 
Los  Angeles  County  where  it  becomes  a  low  hill  dissected  by  streams  and 
grades  gradually  into  the  Santa  Fe  Springs  Plain. 
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Maximum  elevation  in  the  Coyote  Hills  is  600  feet  above  sea  level 
and  occurs  in  Orange  County.  The  hills  that  lie  to  the  west  of  La  Habra 
Road  and  in  the  area  of  investigation  have  elevations  of  approximately  25 
feet  to  325  feet  above  sea  level.  The  north  slope  is  steeper  than  the 
south,  which  grades  gradually  into  the  Downey  Plain. 

Older  Marine  Plains 

The  Older  marine  plains  include  the  Torrance,  Long  Beach,  and 
Ocean  Park  Plains,  all  of  whicn  have  similar  histories  and  are  closely 
related  to  the  Newport- Inglewood  belt  of  hills.  All  of  these  plains  are 
underlain  by  water-bearing  sediments. 

During  upper  Pleistocene  time,  it  is  probable  that  the  Ocean  Park 
Plain  continued  undisturbed  southward  and  was  united  with  the  El  Segundo  Sand 
Hills  and  Torrance  Plain.   The  Torrance  and  Long  Beach  Plains,  originally 
one,  have  been  separated  by  downcutting  of  the  Los  Angeles-Rio  Hondo-San 
Gabriel  River  systems.   Landing  Hill,  part  of  the  Newport- Inglewood  belt 
of  hills,  and  Long  Beach  Plain  have  been  separated  because  of  erosion  by 
Coyote  Creek  and  possibly  the  Rio  Hondo  and  San  Gabriel  River. 

Much  attention  has  been  given  to  the  fact  that  marine  fossils  are 
commonly  found  from  10  to  30  feet  below  the  surface  of  the  Long  Beach, 
Torrance,  and  Ocean  Park  Plains.   Fresh  water  fossils  have  also  been  ob- 
served in  shallow  deposits  in  the  Torrance  Plain  near  Dominguez  Creek. 
Many  remains  of  extinct  land  mammals  have  been  found  in  this  same  thickness 
of  sediments  in  the  Long  Beach  and  Torrance  Plains.   These  fossils  suggest 
that  there  were  periods  of  complete  or  nearly  complete  emergence  of  the 
land  between  periods  of  subsidence  so  that  both  land  and  sea  animals  could 
have  access  to  the  area. 
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Ocean  Park  Plain  extends  inland  from  the  Pacific  Ocean  approx- 
imately three  miles  "bordering  on  the  north  of  Ballona  Gap.  Elevation  on 
the  plain  ranges  from  sea  level  to  200  feet  above  sea  level.  Poland, 
et  al.,  (1956)  lists  three  physiographic  areas  within  the  plain:  a  bench 
on  the  eastern  portion,  a  central  unit  with  an  undulating  surface,  and  a 
ridge- and- trench  area  on  the  western  portion.  His  ridge- and- trench  area 
is  equivalent  to  the  El  Segundo  Sand  Hills  to  the  south.  The  Ocean  Park 
Plain  is  slightly  dissected  by  local  streams. 

The  Torrance  Plain  parallels  the  Newport- Inglewood  belt  of  hills 
from  Ballona  Gap  southwest  to  Dominguez  Gap.  It  is  a  broad  featureless 
area  only  slightly  dissected  by  local  streams  north  of  Centinela  Creek  and 
cut  in  the  south  by  Dominguez  Creek.  The  plain  is  immediately  underlain 
by  fine-grained  materials  of  marine  and  nonmarine  origin,  and  in  small  low 
lying  areas  the  fine-grained  materials  are  overlain  by  Recent  alluvium. 

The  Long  Beach  Plain  is  located  on  the  southwest  side  of  the 
Newport- Inglewood  belt  of  hills  between  Dominguez  and  Alamitos  Gaps.  This 
plain  is  underlain  by  the  same  kind  of  sediments  as  the  Torrance  Plain; 
however,  no  aquifers  have  been  delineated  in  this  area. 

El  Segundo  Sand  Hills 

The  El  Segundo  Sand  Hills  extend  from  Ballona  Gap  south  to 
Torrance  and  the  Palos  Verdes  Hills,  and  approximately  three  to  four  miles 
inland  from  the  ocean.  Remnants  of  similar  hills  are  found  on  the  western 
edge  of  Ocean  Park  Plain.  The  sand  hills  consist  of  a  narrow  strip  of 
active  or  recent  dunes  along  the  coast  and  older  stabilized  sand  dunes 
inland.  The  active  dunes  are  up  to  one- half  mile  wide,  with  a  maximum 
elevation  of  185  feet  above  sea  level.  These  active  dunes  have  undergone 
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at  least  two  stages  of  development,  as  shown  by  excavations  for  the 
Scattergood  Steam  Plant  of  the  Los  Angeles  Department  of  Water  and  Power 
near  El  Segundo.  A  earlier  phase  of  the  recent  unweathered  sand  dimes  had 
a  surface  which  was  inhabited  by  man  and  subsequently  covered  with  over  30 
feet  of  sand  to  form  the  present  dunes. 

The  active  dunes  are  underlain  by  older  sand  dunes  of  probable 
late  Pleistocene  age.   In  several  areas  of  the  El  Segundo  Sand  Hills, 
fossils  and  sedimentary  features  in  excavations  indicate  that  these  older 
sand  dunes  were  originally  beach  deposits  which  have  been  altered  in  form 
by  wind  action  and  deeply  weathered.  These  beach  deposits  resemble  in 
many  respects  the  marine  and  underlying  portions  of  the  Torrance  and  Long 
Beach  Plains  and  are  probably  contemporaneous  with  them.  The  form  of  the 
older  beach  sands  was  modified  by  the  wind  so  that  the  surface  now  has 
closed  depressions.  The  closed  depressions  have  been  formed  by  a  combina- 
tion action  of  removing  and  piling  up  of  sand.  One  to  three  miles  inland, 
the  older  sand  dunes  overlie  silts  and  clays  which  apparently  were  depos- 
ited on  the  landward  side  of  the  beach  sands  and  which  now  form  a  portion 
of  the  Torrance  Plain.  Weathering  and  associated  stabilizing  processes 
have  removed  all  but  the  gross  features  of  dune  topography  in  the  older 
sand  dune  area.  Thin  remnants  of  similar  dune  sands  have  been  observed  in 
excavations  for  the  Harbor  Freeway  on  the  Rosecrans  Hills. 

Newport- Inglewood  Belt  of  Hills 

The  area  of  deformation  that  extends  from  the  foot  of  the  Santa 
Monica  Mountains  near  Beverly  Hills  southeasterly  as  far  as  Newport  Beach 
in  Orange  County  is  named  the  Newport- Inglewood  belt  of  hills  and  plains. 
As  originally  defined  by  Poland,  et  al.,  (1956),  this  belt  of  hills  and 
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plains  included  the  Torrance  and  Ocean  Park  Plains;  however,  in  this 
report  the  term  Newport- Inglewood  "belt  of  hills  is  used  to  delineate  the 
area  of  deformation  exclusive  of  the  Torrance  and  Ocean  Park  Plains  which 
have  been  described  separately.  The  area  of  deformation  varies  in  width 
from  one  to  four  miles  and  is  underlain  by  a  series  of  folds  and  faults 
which  have  given  rise  to  most  of  the  surface  hills,  plains,  and  mesas. 
For  this  reason,  in  discussions  of  structural  geology  this  belt  of  hills 
is  referred  to  as  the  Newport- Inglewood  uplift.  Poland's  findings  indicate 
that  the  many  features  of  the  Newport- Inglewood  belt  of  hills  and  plains 
are  of  the  same  age  as  the  Torrance  and  Ocean  Park  Plains.  Observations 
during  this  investigation  support  this  conclusion. 

In  the  Newport- Inglewood  belt  of  hills,  the  surface  is  frequently 
underlain  by  a  highly  weathered  reddish  colored  soil  which  is  itself  under- 
lain by  sand  and  silt  containing  marine  fossils.  This  sand  and  silt  was 
deposited  in  a  shallow  sea  or  lagoonal  environment.  The  original  surface, 
after  withdrawal  of  the  sea,  extended  into  Ocean  Park  Plain,  Beverly  Hills, 
and  possibly  the  La  Brea  Plain.  The  marine-formed  surface  may  have  extended 
to  the  Montebello  Plain,  although  fossil  evidence  has  not  been  found  to 
substantiate  this  theory.   In  general,  the  upper  Pleistocene  sediments  have 
been  strongly  deformed  in  some  areas  along  the  uplift  and  completely  removed 
by  erosion  in  others. 

The  following  paragraphs  briefly  describe  the  various  features 
that  comprise  the  Newport- Inglewood  belt  of  hills,  all  of  which  are  under- 
lain by  water-bearing  sediments. 

The  Beverly  Hills  are  the  most  northerly  feature  of  the  Newport- 
Inglewood  belt  of  hills  which  have  easily  identifiable  topographic  charac- 
teristics. They  range  in  elevation  from  75  feet  to  300  feet  above  sea  level. 

-30- 


The  area  displays  a  rolling  topography,  as  a  result  of  warping  and  of 
erosion  by  local  streams.  The  marine  upper  Pleistocene  deposits  capping 
Beverly  Hills  were  probably  continuous  with  the  Ocean  Park  and  Torrance 
Plains  and  with  remnants  of  similar  sediments  which  now  cap  Baldwin  Hills. 
The  Beverly  Hills  apparently  have  been  warped  and  faulted.  In  a  small 
area  near  Cheviot  Hills,  which  is  a  portion  of  Beverly  Hills,  lower 
Pleistocene  marine  sediments  are  exposed  (Rodda,  1957);  elsewhere  they  are 
overlain  by  marine  upper  Pleistocene  deposits. 

The  Baldwin  Hills,  south  of  Ballona  Gap,  are  a  prominent  feature 
extending  some  513  feet  above  sea  level  and  more  than  400  feet  above  the 
central  lowlands  to  the  east  and  northeast.  Sediments  of  the  Baldwin  Hills 
have  been  considerably  warped  and  faulted.  The  north  flank  of  the  Baldwin 
Hills  has  been  deeply  incised  by  erosion,  whereas  the  south  flank  slopes 
gently  to  the  Torrance  Plain  and  Rosecrans  Hills. 

The  Rosecrans  Hills,  beginning  near  Inglewood  and  extending 
southward  to  Dominguez  Hill,  comprise  a  low  swell  about  three  miles  wide 
with  its  crest  ranging  from  100  to  2^0  feet  above  sea  level.  The  surface 
of  the  Rosecrans  Hills  is  underlain  by  upper  Pleistocene  sediments  which 
dip  southwesterly  toward  and  merge  with  the  Torrance  Plain  and  northeasterly 
toward  and  probably  beneath  the  Downey  Plain. 

Dominguez  Hill,  an  anticlinal  dome  with  a  northwest- southeast 
trending  axis,  is  located  Just  northwest  of  Dominguez  Gap.  On  the  west 
and  north,  Dominguez  Hill  grades  into  the  Torrance  Plain  and  the  Rosecrans 
Hills.  Elevations  range  from  20  feet  to  195  feet  above  sea  level.  Little 
erosion  has  occurred  on  the  hill  to  modify  the  surface  topography,  with  the 
exception  of  the  east  flank  where  a  local  stream  has  cut  a  deep  gully,  and 
on  the  southeast  where  the  Los  Angeles  River  has  eroded  into  the  hill. 


-31- 


Signal  Hill,  Bixby  Ranch  Hill  and  Bouton  Plain  were  grouped  by 
Poland,  et  al.,  (1956)  as  the  Signal  Hill  uplift,  but  are  considered  to  be 
separate  though  related  features  in  this  report.  Signal  Hill,  southeast 
of  Dominguez  Gap,  rises  to  an  elevation  of  about  3^5  feet  above  sea  level. 
Its  southwesterly  side  is  approximately  bounded  by  a  fault  scarp.  The 
north  side  of  Signal  Hill  slopes  gradually  down  to  the  Bouton  Plain,  which 
in  turn  slopes  northerly  toward  the  Downey  Plain.  On  Signal  Hill  the 
upper  Pleistocene  sediments  have  been  folded  and  eroded  to  such  a  degree 
that  they  have  been  removed,  exposing  the  lower  Pleistocene  sediments  in 
small  areas.  Southeast  of  Signal  Hill  is  Bixby  Ranch  Hill,  which  is 
located  to  the  northwest  of  Alamitos  Gap.  The  south  and  north  sides  of 
Bixby  Ranch  Hill  are  apparently  closely  related  to  fault  scarps. 

Landing  Hill,  although  just  across  Alamitos  Gap  in  Orange  County, 
is  another  feature  of  the  Newport- Inglewood  belt  of  hills.  The  surface 
slopes  to  the  northeast  beneath  the  Downey  Plain  and  is  capped  with  the 
same  type  of  sediments  as  those  on  Signal  Hill  and  the  remainder  of  the 
Newport- Inglewood  belt  of  hills. 

Younger  Alluvial  Plains 
Younger  alluvial  plains  include  those  areas  where  alluvium  has 
been  deposited  in  Recent  time.  The  alluvial  material  has  buried  parts  of 
the  older  weathered  surface.  The  younger  alluvial  plains  have  been  grouped 
into  alluvial  aprons  and  the  Downey  Plain.  All  of  these  areas  are  underlain 
by  water-bearing  material. 

Alluvial  Aprons 

The  younger  alluvial  aprons  consist  essentially  of  coalescing 
alluvial  fans  or  alluvial  piedmont  slopes  which  have  overlapped  in  Recent 
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time  some  of  the  older  Pleistocene  plains  previously  mentioned.  These 
younger  alluvial  aprons  include  the  Sawtelle  Plain,  Hollywood  piedmont 
slope  and  the  La  Hahra  piedmont  slope. 

The  Sawtelle  Plain  is  essentially  a  thin  sheet  of  alluvium 
deposited  on  an  eroded  surface  in  the  area  surrounded  by  the  Santa  Monica 
and  Ocean  Park  Plains  and  Beverly  Hills.  Alluvium  in  the  Sawtelle  Plain 
appears  to  he  relatively  thin,  possihly  no  more  than  30  or  kO   feet  deep. 
The  surface  slope  averages  between  60  and  80  feet  per  mile. 

The  Hollywood  piedmont  slope  lies  south  of  the  Santa  Monica 
Mountains,  north  of  the  La  Brea  Plain,  and  east  of  the  Newport- Inglewood 
belt  of  hills.  This  area  consists  of  several  small  alluvial  fans  deposited 
by  streams  draining  from  the  Santa  Monica  Mountains.  These  fans  form  a 
relatively  flat  surface,  with  minor  undulations,  that  slopes  to  the  south 
and  southwest  with  a  gradient  of  about  9°  feet  per  mile.  The  small 
coalescing  fans  are  approximately  100  feet  thick  near  the  base  of  the 
Santa  Monica  Mountains,  but  to  the  south  near  Beverly  Hills,  excavations 
indicate  that  they  decrease  to  a  thickness  of  10  to  30  feet.  The  Hollywood 
piedmont  slope  has  been  deposited  partly  on  the  La  Brea  Plain,  Beverly 
Hills,  and  the  Elysian  Hills.  Along  the  north  side  of  Ballona  Gap,  sediments 
from  the  Hollywood  piedmont  slope  and  from  Sawtelle  Plain  have  been  deposited 
as  small  alluvial  fans.  These  small  fans  are  moderately  thick  and  have 
overlapped  and  become  interbedded  with  sediments  of  Recent  age  deposited 
by  the  Los  Angeles  River  which,  as  late  as  1868,  flowed  through  Ballona  Gap 
into  the  ocean  near  Venice. 

The  La  Habra  piedmont  slope  extends  southeasterly  along  the 
southwest  foot  of  the  Puente  Hills  from  Whittier  Narrows  into  Orange  County. 
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This  area  consists  of  several  small  alluvial  fans  deposited  by  streams 
draining  the  Puente  Hills.  These  fans  coalesce  forming  an  undulating 
surface  that  slopes  to  the  south  and  southwest  with  a  gradient  of  about 
170  feet  per  mile.  This  area  has  been  more  extensively  dissected  than 
has  the  Hollywood  piedmont  slope.  As  a  result  of  this  dissection,  the 
topographic  expression  of  the  La  Habra  piedmont  slope  is  quite  complex. 
Some  of  the  exposed  features  are  probably  of  the  same  age  as  the  Santa  Fe 
Springs  Plain  and  the  Montebello  Plain,  that  is,  of  upper  Pleistocene  age. 
Many  younger  fans  of  shallow  depth  cover  portions  of  the  area. 

Downey  Plain  and  Related  Features 

The  Downey  Plain,  the  largest  area  of  Recent  alluvial  deposition, 
is  located  south  and  southeast  of  the  La  Brea,  Montebello,  and  Santa  Fe 
Springs  Plains,  and  of  the  Coyote  Hills,  and  northeast  of  the  Newport- 
Inglewood  belt  of  hills  (Poland,  et  al.,  1956).   It  extends  from  Ballona 
Gap  across  the  central  lowland  of  the  Coastal  Plain  of  Los  Angeles  County 
into  the  Coastal  Plain  of  Orange  County  nearly  to  Santa  Ana.  The  Downey 
Plain  ranges  in  elevation  from  275  feet  in  the  Los  Angeles  Narrows  and  200 
feet  in  the  Whittier  Narrows  to  sea  level  at  the  ocean  near  Dominguez  Gap. 
The  slope  of  the  Downey  Plain  varies  from  7  to  23  feet  per  mile,  but  is 
generally  less  than  18  feet  per  mile.   It  is  essentially  a  depositional 
feature,  although  minor  erosion  has  occurred.  Alluvial  fans  formed  by  the 
Los  Angeles  and  Rio  Hondo-San  Gabriel  River  systems  have  coalesced  to  form 
a  very  gentle  plain.  During  past  flood  times  these  large  rivers  have  swung 
over  most  of  the  area  depositing  their  debris.  Near  the  ocean  some  of  the 
stream  deposited  sediments  are  interbedded  with  marine  and  tidal  sands,  gravels, 
and  clays. 
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Ballona  Gap,  located  between  the  Baldvin  Hills  and  Beverly  Hills 
and  extending  to  the  ocean,  was  initially  formed  by  headward  erosion  from 
the  ocean,  capturing  drainage  from  the  Sawtelle  Plain  and  the  Hollywood 
piedmont  slope.  Although  the  Los  Angeles  River  has  flowed  through  the  Gap, 
available  evidence  indicates  that  it  has  caused  less  erosion  than  the 
smaller  streams. 

Dominguez  Gap  includes  the  lower  portion  of  the  Los  Angeles 
River  area  between  Dominguez  and  Signal  Hills.   It  is  about  two  miles  wide 
and  slopes  toward  the  ocean  at  a  gradient  of  about  four  feet  per  mile. 

Alamitos  Gap,  separating  Long  Beach  Plain  and  Bixby  Ranch  Hill 
from  Landing  Hill,  has  been  eroded  by  Coyote  Creek  and  presumably  other 
streams.  The  surface  slopes  oceanward  at  the  same  gradient  as  Dominguez 
Gap. 

The  Los  Angeles  Narrows,  located  between  the  Elysian  and  Repetto 
Hills,  is  an  erosional  feature  cut  through  a  relatively  weak  portion  of  the 
Santa  Monica  Mountains  by  the  Los  Angeles  River.  Terraces  and  complex 
subsurface  alluvial  deposits  indicate  that  erosion  and  deposition  has  been 
complex  in  the  Narrows. 

The  Whittier  Narrows  separates  the  Merced  and  Puente  Hills  and 
forms  the  avenue  through  which  drainage  from  the  San  Gabriel  Valley  and 
surrounding  highlands  passes  to  the  coastal  plain.  The  two  major  streams 
passing  through  Whittier  Narrows  are  the  Rio  Hondo  and  the  San  Gabriel 
River.  The  width  of  the  Whittier  Narrows  varies  from  1.6  miles  to  2  miles. 
Although  generally  flat  with  steep  sides,  the  surface  configuration  of  the 
Narrows  is  further  complicated  by  terraces,  alluvial  fans  from  local  small 
canyons,  and  abandoned  stream  courses  and  meanders.  This  physiographic 
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feature  appears  to  have  been  formed  in  late  Pleistocene  time,  although 
Slosson  (1958)  suggests  that  the  area  was  a  submarine  canyon  in  lower 
Pliocene  time. 

Drainage  Systems 

The  Coastal  Plain  of  Los  Angeles  County  is  drained  primarily  by 
the  Los  Angeles  and  Rio  Hondo-San  Gabriel  River  systems.  Within  historical 
times  the  Los  Angeles  River  has  flowed  through  Ballona  Gap,  and  the  Santa 
Ana  River  in  Orange  County  has  drained  through  Alamitos  Gap.  It  is  probable 
that  all  three  river  systems  crossing  the  coastal  plains  of  both  counties 
have  entered  the  ocean  at  various  locations  from  Dominguez  Gap  on  the  north 
to  Santa  Ana  Gap  near  Huntington  Beach  on  the  south. 

Minor  stream  systems  include  Dominguez  Creek  on  the  Torrance 
Plain  which  drains  to  the  ocean  and  Comptom  Creek  on  the  Downy  Plain  that 
enters  the  Los  Angeles  River  northeast  of  Dominguez  Hills.  Coyote  Creek, 
flowing  through  the  Coyote  Hills,  now  occupies  a  wide  valley  much  larger 
than  ncessary  for  its  present  flow.  Physiographic  evidence  in  the  area 
north  of  Coyote  Hills  indicates  that  Brea  Creek  flowed  down  the  present 
Coyote  Creek  channel  in  late  geologic  time,  but  has  been  diverted  to  its 
present  channel  southeast  of  Coyote  Hills  leaving  the  old  channel  to  drain 
only  its  present  small  watershed. 

Physiographic  evidence  is  abundant  that  other  streams  have 
drained  the  San  Gabriel  Valley  across  the  Repetto  Hills  to  the  coastal 
plain,  and  their  courses  have  since  been  abandoned,  forming  wind  gaps. 
What  are  probably  wind  gaps  are  also  found  in  the  Santa  Monica  Mountains; 
they  may  represent  relatively  old  stream  courses  which  drained  the  San 
Fernando  Valley  at  the  beginning  of  late  Pleistocene  time. 
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Offshore  Physiography 

Physiography  of  the  offshore  area  of  Southern  California  is  well 
described  by  Emery  (195*0,  Shepard  (19^*6),  Terry,  et  al.,  (1956),  Stevenson, 
et  al.,  (1956),  and  Gorsline  and  Emery  (1959)-  This  large  offshore  area  is 
described  briefly  in  this  report  because  of  the  close  stratigraphic  and 
physiographic  relationship  it  has  with  the  onshore  area  covered  by  this 
investigation.  The  offshore  features  are  shown  on  Plate  2. 

The  first  submarine  physiographic  province  encountered  is  the 
continental  shelf.  The  western  boundary  of  the  continental  shelf,  roughly 
delineated  by  the  50  fathom  contour  (300  feet),  parallels  the  coastline  at 
distances  from  shore  varying  from  a  few  hundred  feet  to  8  or  10  miles.  The 
continental  shelf  slopes  seaward  at  a  gradient  of  about  25  feet  per  mile 
in  Santa  Monica  and  San  Pedro  Bays.  The  shelf  is  generally  smooth,  though 
such  minor  irregularities  as  longshore  troughs,  mounds,  bars,  and  depressions 
occur  in  water  less  than  20  feet  deep  where  they  are  constantly  changing 
position.  Such  features  are  known  as  micro-relief.  Along  the  break  in 
slope  at  the  outer  margins  of  the  continental  shelf  are  terraces,  steps, 
and  notches.  Submarine  canyons  interrupt  the  shelf  and  may  represent 
lines  of  weakness  or  remnants  of  pre-existing  drainage  channels.  A  zone 
of  bedrock  mounds,  more  than  2,000  feet  in  diameter,  many  of  which  are 
connected  by  steep- sided  ridges,  occur  approximately  five  to  six  miles 
offshore  in  Santa  Monica  Bay  on  the  continental  shelf. 

The  second  major  offshore  physiographic  province  is  the  basin 
slope.  This  slope  extends  from  one  to  ten  miles  seaward  from  the  rim  of 
the  continental  shelf  at  about  300  feet  to  2^00  feet  below  sea  level  with 
an  average  450  feet  per  mile  gradient  except  where  it  steepens  near 
submarine  canyons. 
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Beyond  the  basin  slope  for  a  distance  of  approximately  1^0  miles 
seaward  lies  a  broad  area  of  fault  block  structures,  referred  to  by  Shepard 
(19**8)  as  the  continental  borderland.  The  dovnfaulted  blocks  are  mostly 
closed  basins  separated  by  sills  or  upfaulted  submarine  ridges  which  rise 
about  2,000  feet  above  the  floor  of  the  basins.  Included  in  the  uplifted 
blocks  are  San  Clemente,  Santa  Catalina,  San  Nicholas,  San  Miguel,  Santa 
Rosa,  and  Santa  Cruz  Islands.  Emery  (195*0  explains  that  this  series  of 
uplifted  and  downdropped  structures  may  be  due  to  faulting  and/or  folding. 

The  fourth  of  this  series  of  physiographic  provinces,  the 
continental  slope,  begins  at  the  edge  of  the  continental  borderland  and 
plunges  steeply  to  abyssal  ocean  depths  of  12,000  feet  or  more. 

Three  subprovinces  of  the  continental  shelf  named  by  Terry, 
et  al., (1956)  are  the  Santa  Monica  Shelf  (Point  Dume  to  Palos  Verdes 
Point),  the  Palos  Verdes  Shelf  (Palos  Verdes  Point  to  Point  Fermin),  and 
the  San  Pedro  Shelf  (Point  Fermin  to  Corona  Del  Mar)  are  shown  on  Plate  2. 
The  Santa  Monica  and  San  Pedro  Shelves  are  significant  in  respect  to  the 
occurrence  and  movement  of  ground  water. 

The  Santa  Monica  Shelf  extends  seaward  about  eight  miles  and  is 
subdivided  into  three  segments  by  two  submarine  canyons  that  cut  trans- 
versely across  it  offshore  from  Santa  Monica  and  Redondo  Beaches. 

The  Palos  Verdes  Shelf  is  narrow  and  extends  seaward  about  one 
mile  from  the  coast  of  the  Palos  Verdes  Hills.  Because  of  the  lack  of 
water-bearing  sediments  in  the  southwestern  Palos  Verdes  Hills  and  in  the 
offshore  area,  the  Palos  Verdes  Shelf  is  not  significant  for  this  study. 

Located  southeasterly  from  the  Palos  Verdes  Hills  is  the  San 
Pedro  Shelf.  This  shelf  extends  seaward  2  miles  from  Point  Fermin  and 
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achieves  a  maximum  extension  of  12  miles  at  its  central  projection,  before 
it  diminishes  again  to  2  miles  off  Corona  Del  Mar.  Moore  (1951)  gives  an 
account  of  the  physiography,  structure,  and  sediments  in  this  area;  the 
formations  were  also  described  by  Stevenson,  Uchupi,  and  Gorsline  (1958)- 
This  flat,  featureless  plain  slopes  southward  and  southeastward  toward  the 
basin  slope,  which  has  here  been  named  the  San  Pedro  Escarpment  by  Shepard 
and  Emery  (19^1).  Erosion  followed  by  deposition  of  Recent  sediments  has 
reduced  both  positive  and  negative  topographic  features,  obliterating  the 
ancient  stream  channels  of  the  Los  Angeles  and  San  Gabriel  Rivers  that 
once  crossed  it. 

The  Santa  Monica  and  Redondo  Submarine  Canyons  occur  along  the 
basin  slope  extending  westward  off  the  Santa  Monica  Shelf.  The  Santa 
Monica  Canyon  begins  about  four  miles  offshore  at  a  depth  of  180  feet  and 
assumes  a  curved  and  sinuous  course  into  the  Santa  Monica  Submarine  Basin, 
the  nearest  closed  basin  of  the  continental  borderland.  The  canyon  is 
relatively  smooth  with  only  small  tributaries  entering  from  the  south  wall. 
The  Redondo  Canyon  begins  a  few  hundred  feet  offshore  from  the  City  of 
Redondo  Beach,  follows  a  straight  course  across  the  Santa  Monica  Shelf, 
and  empties  into  the  Santa  Monica  Submarine  Basin.  A  steep  gradient  of 
about  400  feet  per  mile  at  the  canyon  head  gradually  decreases  to  about 
130  feet  per  mile  at  its  fan- like  terminal  approximately  2,200  feet  below 
sea  level.  Tributaries  along  the  north  side  contribute  to  the  variable 
topography  of  the  canyon  walls.  Slumping  occurs  within  the  canyons  and 
along  the  basin  slope  and  carries  recently  deposited  sediments  to  greater 
depths  offshore. 

Subsurface  evidence  provides  at  least  a  partial  history  of  the 
development  of  the  Redondo  Canyon.  During  a  part  of  late  Pleistocene 
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time  when  the  sea  level  was  much  lower,  drainage  from  the  San  Gabriel 
River,  and  possibly  the  Los  Angeles  River,  flowed  across  what  is  now  the 
Downey  Plain,  Rosecrans  Hills,  Torrance  Plain  and  El  Segundo  Sand  Hills  to 
the  present  head  of  Redondo  Canyon  and  continued  oceanward  to  the  rim  of 
the  continental  shelf.  Downcutting  probably  occurred  rapidly  along  the 
basin  slope  and  further  entrenched  the  stream  channel  landward.  A  rapid 
rise  in  sea  level  has  since  caused  the  backfilling  of  coarse  debris  in  this 
entrenched  channel. 

The  San  Pedro  Sea  Valley,  an  east-west  trending  submarine  canyon, 
begins  on  the  San  Pedro  Shelf  south  of  Point  Fermin.  A  branch  or  tributary 
leads  off  from  the  northern  side  of  the  main  valley  and  trends  northeasterly 
toward  the  mouth  of  the  San  Gabriel  River.  Both  the  main  valley  and  its 
tributary  lose  their  identity  above  a  depth  of  about  150  feet.  At  the 
eastern  extremity  of  the  San  Pedro  Shelf,  about  10  miles  south  of  Sunset 
Beach,  two  smaller  valleys  trend  in  a  southerly  direction  from  a  depth  of 
150  feet.  This  valley  system  has  been  named  the  San  Gabriel  Canyon  by 
Emery  (i960). 
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CHAPTER  IV  STRATIGRAPHY 

This  chapter  describes  the  stratigraphy,  or  the  physical  char- 
acteristics of  the  natural  groupings  of  the  rocks  and  sediments,  in  the 
Coastal  Plain  of  Los  Angeles  County,  including  the  age  of  rocks  and  sedi- 
ments, their  order  in  relationship  to  each  other,  and  their  position  in  the 
area.   In  order  to  simplify  the  discussion  of  stratigraphy,  the  rocks  and 
sediments  in  the  coastal  plain  are  divided  into  water-bearing  deposits  and 
nonwater-bearing  rocks . 

The  water-bearing  deposits  include  the  unconsolidated  and  semi- 
consolidated  marine  and  nonmarine  alluvial  sediments  of  Recent,  Pleistocene, 
and  Pliocene  age  which  form  ground  water  basins.  These  materials  absorb, 
transmit,  and  yield  water  readily  to  wells.   Sizes  of  individual  particles 
may  grade  from  coarse  gravel  and  boulders  to  clay.   Coarse  sands  and  gravels 
form  the  conduits  for  transmission  of  ground  water  and  are  called  aquifers, 
while  the  finer  sands,  silts  and  clays,  which  also  transmit  ground  water, 
but  very  slowly,  are  known  as  aquicludes. 

The  types  of  materials  encountered  by  surface  and  subsurface 
geologic  exploration  and  water  well  drilling,  as  reported  by  various  indi- 
viduals and  agencies,  are  summarized  on  Table  1,  which  is  bound  at  the  end 
in  this  report.  Based  upon  this  information,  the  areal  extent,  thickness, 
and  depths  of  the  various  aquifers  and  aquicludes  underlying  the  coastal  plain 
were  estimated.  The  aquifers  were  named  and  their  stratigraphic  positions  are 
illustrated  schematically  on  Plate  5>  entitled  "Generalized  Stratigraphic 
Column,  Coastal  Plain  of  Los  Angeles  County" .   Since  the  aquicludes  which 
separate  aquifers  are  generally  of  secondary  interest,  and  because  of  addi- 
tional complications  of  nomenclature,  only  the  surface  aquiclude  is  named. 
An  attempt  has  been  made  to  bring  together  and  clarify  the  nomenclature 
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used  by  many  individuals  and  agencies.   Therefore  Plate  5  also  relates  the 
nomenclature  system  utilized  in  this  report  with  that  employed  by  others 
in  the  past. 

The  term  "nonwater-bearing  rocks"  used  in  this  report  should  not 
be  construed  to  mean  rocks  which  contain  no  water,  but  rather  materials 
from  which  wells  produce  relatively  limited  quantities  of  water.   Nonwater- 
bearing  rocks  are  the  parent  rocks  from  which  alluvium  is  derived.  These 
rocks  flank,  underlie,  and  sometimes  form  the  limits  of  the  ground  water 
basins  and  provide  watersheds  for  runoff  or  drainage  to  valley-fill  areas. 
Nonwater-bearing  rocks  include  granitic,  metamorphic,  volcanic,  and  con- 
solidated sedimentary  types.   Locally,  the  sedimentary  rocks  may  yield  a 
small  amount  of  brackish,  saline,  or  other  poor  quality  waters.   Water 
which  drains  from  these  rocks  may  also  affect  the  quality  of  water  in  the 
sediments  of  valley-fill  areas.   Even  within  the  crystalline  basement  rocks, 
some  extractable  water  is  contained  within  the  joints,  fractures,  and  solu- 
tion cavities.   In  the  highland  areas,  wells  in  volcanic  flows  and  breccias 
yield  limited  quantities  of  water.   The  yield  of  wells  in  the  volcanics, 
however,  is  usually  restricted  either  because  there  is  a  lack  of  connected 
interstices  or  because  they  are  so  situated  topographically  or  structurally 
that  cementation,  folding  and  faulting  interferes  with  the  vertical  and 
lateral  flow  of  ground  water. 

The  following  sections  describe  the  water-bearing  deposits  and 
nonwater-bearing  rocks  in  detail  beginning  with  the  geologically  most  recent, 
and  working  backward  in  time  to  the  oldest  strata.  The  surface  outcroppings 
of  the  various  formations  are  delineated  on  Plate  3.  The  conclusions  of 
this  study  relating  to  the  depth  and  thickness  of  the  various  aquifers  and 
aquicludes  in  the  coastal  plain  are  illustrated  by  a  series  of  idealized 
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geologic  sections  cutting  the  area  in  east-west  and  north-south  directions. 
These  sections  are  shown  on  Plates  6A  through  6G,  entitled  "Idealized 
Geologic  Sections";  and  the  geographic  locations  of  the  sections  are  indi- 
cated on  Plate  3>  together  with  the  locations  of  wells  and  test  holes  from 
which  the  geologic  sections  were  derived.   In  addition  to  the  wells  and 
test  holes  shown  on  these  plates,  there  were  two  to  three  times  as  many  wells 
and  test  holes  that  were  studied.  These  data  were  used  to  assist  in  delin- 
eating the  boundaries  of  the  aquifers  and  aquicludes. 

In  constructing  the  geologic  sections,  it  was  much  easier  to 
correlate  aquifers  from  well  log  to  well  log  in  the  marine  sediments  found 
southwest  of  the  Newport-Inglewood  uplift  than  it  was  in  the  area  to  the 
northeast.   Consequently,  the  correlations  in  the  continental  sediments, 
especially  those  adjacent  to  the  high  lands  are  more  definitive  than  are 
those  in  the  marine  sediments  closer  to  the  ocean.   Also,  the  geologic 
sections  in  the  West  Coast  Basin  (this  basin  is  described  in  Chapter  6)  were 
mainly  based  on  data  taken  from  the  Report  of  Referee  (Calif.  D.W.R.  1952a), 
modified  slightly  by  unpublished  data  obtained  from  the  Los  Angeles  County 
Flood  Control  District. 

Subsurface  structure  and  positions  of  aquifers  in  the  area  down- 
stream from  Whittier  Narrows  are  illustrated  by  a  series  of  cut-away  dia- 
grams shown  on  Plate  7 >    entitled  "Cut-Away  Diagrams  of  Aquifers  in  Vicinity 
of  Whittier  Narrows".  These  diagrams  are  of  assistance  in  following  the 
discussion  of  stratigraphic  relationships  but  are  discussed  in  detail  in 
Chapter  V.  Detailed  discussions  of  structural  features  referred  to  in  the 
following  sections  are  also  contained  in  Chapter  V. 
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Quaternary  System 

Sediments  of  Quaternary  and  late  Pliocene  age  comprise  the  water- 
bearing formations  in  the  coastal  plain.   The  Quaternary  deposits  are 
divided  into  the  Recent  and  Pleistocene  series. 

Alluvial  materials  and  rocks  of  Recent  and  Pleistocene  age  usually 
are  unconsolidated  and  have  suffered  deformation  to  a  lesser  degree  than 
the  older  underlying  rocks.  These  younger  alluvial  materials  are  generally 
more  heterogeneous  than  the  older  sediments  although  this  may  be  more  appar- 
ent than  real,  since  more  detailed  information  is  usually  available  for 
younger  sediments  than  for  those  older  in  age.  In  the  detailed  studies  of 
oil  fields,  by  contrast,  the  heterogeneity  of  older  sediments  is  apparent. 

Ground  water  extracted  from  wells  is  obtained  primarily  from 
aquifers  of  Recent  and  Pleistocene  age,  with  the  exception  of  a  few  wells 
in  the  Lakewood  and  North  Long  Beach  areas  which  are  perforated  in  sediments 
of  late  Pliocene  age. 

Deposition  of  Quaternary  sediments  has  been  controlled  by  tectonic 
activity,  geomorphic  processes,  changes  in  climate,  and  world-wide  changes 
in  sea  level,  as  previously  discussed.  The  physical  characteristics  of 
those  water-bearing  series  that  favor  high  production  of  ground  water  are: 
their  unconsolidated  and  permeable  nature,  their  relatively  undeformed 
state,  their  low  topographic  position,  which  permits  infiltration  of  drainage 
from  higher  surrounding  areas,  their  freedom  from  obstructions  to  flow  in 
most  areas,  the  ease  with  which  their  materials  may  be  dewatered,  or  drained, 
and  the  ease  with  which  in  certain  areas  they  may  be  naturally  or  arti- 
ficially recharged. 
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Recent  Series 

Reade  (1872)  first  defined  the  Recent  epoch  as  that  time  which 
has  elapsed  since  the  beginning  of  the  last  major  rise  in  sea  level,  and 
this  definition  has  been  adopted  for  use  in  this  report.  An  approximate 
age  of  15,000  years  has  been  assigned  to  the  Recent  epoch  by  Shepard  (1956) 
and  Hopkins  (1959). 

Recent  materials  were  laid  down  upon  the  erosional  surface  that 
existed  toward  the  end  of  the  last  glacial  stage.   In  most  of  the  Coastal 
Plain  of  Los  Angeles  County  these  sediments  are  stream  deposits  but  near 
the  ocean  they  include  tidal,  marine,  and  wind-deposited  materials. 

Recent  deposits  are  recognisable  by: their  generally  coarse,  un- 
consolidated or  uncemented  nature  (however,  on  Recent  flood  plains,  alluvial 
fans,  and  certain  marine  deposits,  fine-grained  silts  and  clays  are  common), 
their  unconformable  relationship  with  the  underlying  late  Pleistocene  and 
older  deposits,  their  relationship  to  the  present  drainage  system  including 
numerous  gaps  along  the  coast  and  other  physiographic  features,  and  the 
youthful  or  poorly  developed  soil  normally  found  on  the  surface.  Little 
deformation  of  the  Recent  sediments  has  occurred  except  where  they  cross 
tectonically  active  areas,  as  in  Dominguez  and  Ballona  Gaps.  Two  major 
members  of  the  Recent  series  are  shown  in  the  areal  geology  presented  on 
Plate  3  namely,  alluvium,  represented  by  the  symbol  Qal  and  active  dune 
sand  represented  by  Qsr. 

Alluvium.  Recent  Alluvium  is  primarily  stream  deposited  gravel, 
sand,  silt  and  clay  with  some  interbedded  littoral  and  estuary  or  bay 
deposits  near  the  ocean.   Geologic  members  found  within  the  alluvial  deposits 
include  the  Semiperched  aquifer,  Bellflower  aquiclude,  Gaspur  aquifer,  and 
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Ballona  aquifer.  Portions  of  the  Semiperched  aquifer  and  Bellf lower  aqui- 
clude  are  of  late  Pleistocene  age,  placing  them  in  the  Lakewood  formation. 
They  are  described  here,  however,  together  with  the  deposits  of  Recent  age. 

Semiperched  Aquifer.  Coarse  sands  and  gravels, called  the 
Semiperched  aquifer,  are  found  on  or  near  the  surface  of  much  of  the  Coastal 
Plain  of  Los  Angeles  County.  These  materials  vary  in  thickness  from  0  to 
60  feet  and  may  contain  significant  amounts  of  unconfined  water  where  they 
are  more  than  20  feet  thick.  The  most  important  areas  where  this  aquifer 
appears  are  in  the  Los  Angeles  and  Montebello  Forebay  Areas,  and  irregular 
patches  occur  throughout  the  rest  of  the  coastal  plain. 

Where  the  underlying  aquifers  are  confined,  the  Semiperched  aquifer 
is  generally  separated  from  them  by  silts  and  clays  or  other  material  of 
relatively  low  permeability,  called  the  Bellf lower  aquiclude.  These  materials, 
inhibit  the  free  percolation  of  water  from  the  Semiperched  aquifer  to  the 
underlying  aquifers. 

Permeable  sediments  of  both  Recent  and  late  Pleistocene  age  are 
included  within  the  Semiperched  aquifer.  Most  of  the  sediments  are  probably 
remnants  of  abandoned  stream  channels,  although  marine  deposits  previously 
known  as  the  Palos  Verdes  Sand  are  a  part  of  the  aquifer  underlying  portions 
of  the  Torrance  Plain. 

Little  beneficial  use  is  made  of  water  in  the  Semiperched  aquifer 
since  wells  perforated  in  it  yield  very  small  quantities  of  water.  Further- 
more, the  poor  quality  of  the  water  in  some  areas  makes  it  undesirable  for 
widespread  use. 
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Bellf lower  Aqui elude.  Lying  directly  beneath  the  Semiperched 
aquifer  are  sediments  of  lesser  permeability  which  restrict  vertical  move- 
ment of  ground  water.  These  relatively  impermeable  materials,  referred  to 
in  numerous  reports  in  generalized  terms,  have  been  designated  the  Bellf lower 
aquiclude.  Physical  features  and  dimensions  of  this  aquiclude  are  delineated 
on  Plate  8,  entitled  "Lines  of  Equal  Elevation  on  the  Base  of  the  Eellflower 
Aquiclude",  and  on  Plate  9,   entitled  "Lines  of  Equal  Thickness  of  the  Bell- 
flower  Aquiclude".  The  Bellf lower  aquiclude  comprises  all  of  the  fine  grained 
sediments  that  extend  from  the  ground  surface,  or  from  the  base  of  the  oemi- 
perched  aquifer,  down  to  the  first  aquifer  below.  Other  names  that  have  been 
used  to  refer  to  these  materials  are:   "Upper  Division  of  the  Alluvial  De- 
posits of  Recent  Age"  (Poland,  et  al  1956);  "Upper  Fine  Grained  Phase"  in 
California  D.W.R.  1952b;  and  "clay  cap"  in  California  D.W.R.,  1952c,  1957a, 
and  1958b.  The  flood  plain  deposits  referred  to  by  Poland,  (1959h)  which 
are  found  in  many  portions  of  the  Downey  Plain  may  be  equivalent,  at  least 
in  part,  to  the  Bellf lower  aquiclude  as  here  defined.  Although  other  reports 
refer  to  these  sediments  as  Recent  in  geologic  age,  the  Bellf lower  aquiclude, 
as  defined  in  this  report,  is  composed  of  both  Recent  sediments  in  some  areas, 
and  late  Pleistocene  deposits  in  others. 

The  Eellflower  aquiclude  extends  throughout  most  of  the  Coastal 
Plain  of  Los  Angeles  County,  except  for  the  Los  Angeles  and  Montebello 
Forebay  Areas.  According  to  drillers  logs  and  from  visual  observation  of 
exposed  formations  in  excavations,  this  aquiclude  is  a  heterogeneous  mixture 
of  fine  grained  continental,  marine,  and  wind-blown  sediments.   In  about  a 
third  of  the  coastal  plain,  the  aquiclude  consists  only  of  clays  and  silty 
clays,  but  extensive  lenses  and  pockets  of  sandy  or  gravelly  clays  occur 
in  the  remainder  of  the  area,  as  shown  on  Plate  9«  These  predominantly 
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sandy  and  gravelly  clays  may  permit  waters  to  percolate  slowly  to  the 
underlying  aquifer  or  aquifers,  or  ground  water  in  these  latter  areas  may 
move  upward  if  pressure  levels  in  the  underlying  aquifer  are  sufficiently 
high.  Classification  of  materials  from  the  descriptions  usually  found  in 
well  logs  is  difficult;  however,  in  logs  where  descriptions  of  materials 
are  more  precise  and  presumably  of  greater  reliability,  the  sand  content 
is  greater  than  has  been  generally  assumed.  Consequently,  the  aquiclude 
is  believed  to  have  a  somewhat  greater,  though  still  restricted,  permeability 
than  has  been  supposed  in  the  past. 

That  portion  of  the  aquiclude  of  Recent  age  has  not  been  appre- 
ciably faulted  or  folded;  however,  the  portion  of  late  Pleistocene  age 
has  been  affected  to  some  extent  by  tectonic  movements. 

The  thickness  of  the  Bellflower  aquiclude,  as  shown  on  Plate  9, 
varies  from  zero  to  200  feet.  The  areas  of  greatest  thickness  occur  along 
the  center  and  east  flank  of  the  Gardena  Syncline  in  the  West  Coast  Basin. 
Other  areas  of  considerable  thickness,  ranging  up  to  140  feet,  are  generally 
aligned  with  the  South  Gate-Santa  Ana  Depression. 

Gaspur  Aquifer.  The  basal  coarse  phase  of  the  Recent  series 
has  been  referred  to  in  previous  reports  as  the  Gaspur  water-bearing  zone. 
These  sediments  were  described  by  Poland,  et  al  (1956)  and  in  California 
D.W.R.  1952a  and  1952b.  The  term  "aquifer"  is  used  in  this  report  rather 
than  "water-bearing  zone",  the  expression  previously  employed,  as  being 
more  descriptive  of  the  function  of  the  deposits.  According  to  Poland, 
et  al  (1956)  the  name  of  the  aquifer  is  derived  from  the  identification  of 
a  typical  section  in  the  log  of  a  well  near  Gaspur  Station  at  the  coastal 
end  of  Dominguez  Gap. 


-I4B- 


The  extent  of  the  Gaspur  aquifer  is  shown  on  Plate  10,  entitled 
"Lines  of  Equal  Elevation  on  the  Base  of  the  Gaspur,  Ballona,  Artesia,  and 
Exposition  Aquifers".  Its  westerly  arm,  extending  southerly  from  the  Los 
Angeles  Narrows,  joins  the  easterly  arm  extending  southwesterly  from  the 
Whittier  Narrows  near  Downey  and  continues  southwesterly  through  Dominguez 
Gap  to  the  ocean.   Throughout  the  23  mile  length  of  the  aquifer  the  width 
varies  from  one  to  five  and  a  half  miles. 

The  type  cobbles  and  pebbles  in  the  Gaspur  aquifer  indicate  that 
they  are  derived  from  the  San  Gabriel  Mountains  and  other  highland  areas 
surrounding  the  San  Gabriel  and  San  Fernando  Valleys. 

The  continental  stream  deposits  found  in  the  Gaspur  aquifer  range 
in  size  from  boulder  gravel  to  silt  and  clay.   In  vertical  section,  the 
upper  part  is  medium  to  coarse-textured  sand  while  the  lower  part  consists 
of  sand,  gravel,  and  cobbles  as  large  as  four  or  five  inches  in  diameter. 
There  is  also  a  lateral  variation  in  lithology.  Well  logs  north  of  Rosecrans 
Boulevard  generally  show  80  to  90  percent  coarse  sands  and  gravels  with  10 
to  20  percent  finer-grained  materials .  South  of  Rosecrans  Boulevard,  about 
lj-0  to  50  percent  of  the  sediments  comprising  the  Gaspur  aquifer  are  fine- 
grained. The  fine-grained  patches  are  discontinuous  within  the  Whittier 
Narrows,  and  occur  as  stringers,  or  elongated  lenses.  Variations  in  the 
thickness  and  width  of  the  Gaspur  aquifer  seem  to  indicate  that  the  stream 
or  streams  responsible  for  original  deposition  were  meandering,  braiding, 
eroding  and  aggrading.  The  absence  of  fine  deposits  in  the  lower  portion 
suggests  that  they  were  removed  by  erosion  during  flood  stages.  Thickness 
of  the  Gaspur  aquifer  ranging  up  to  about  120  feet,  is  delineated  on  Plate 
11  entitled,  "Lines  of  Equal  Thickness  of  the  Gaspur,  Ballona,  Artesia, 
and  Exposition  Aquifers". 
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The  Gaspur  aquifer  is  merged  with,  surface  deposits  in  the  Montebello 
Forebay  between  the  Rio  Hondo  and  San  Gabriel  River,  extending  as  far  south 
as  olauson  Avenue.   It  also  crops  out  in  the  Los  Angeles  Narrows  in  an  area 
bounded  by  the  Los  Angeles  River  and  the  Harbor  Freeway,  and  extends  from 
the  Narrows  as  far  south  as  Firestone  Boulevard.  These  two  outcrops  areas 
are  shown  on  Plate  10A. 

The  gradient  of  the  base  of  the  westerly  arm  of  the  Gaspur  aquifer 
is  4U.5  feet  per  mile  (a  300-foot  drop  in  elevation  in  6.75  miles).  The 
gradient  of  the  base  of  the  Gaspur  aquifer  along  the  easterly  arm  is  about 
19  feet  per  mile  (a  drop  of  200  feet  in  10.5  miles).  Between  San  Pedro  Bay 
and  the  point  where  the  two  arms  of  the  Gaspur  aquifer  join,  the  gradient 
is  10  feet  per  mile  (a  60-foot  drop  in  elevation  in  6.0  miles).  The  steep- 
ness of  the  westerly  arm  may  indicate  uplift  to  the  north  and  west,  although 
greater  rock  hardness  in  Los  Angeles  Narrows  and/or  a  difference  in  stream 
flow  regimen  caused  by  changing  debris  loads  also  may  have  caused  this  steep 
gradient.  Minor  warping  of  both  the  aquifer  and  overlying  Recent  deposits 
has  probably  occurred  within  the  Whittier  Narrows  and  Dominguez  Gap.  The 
Gaspur  aquifer  has  apparently  not  been  affected  by  faulting. 

Water  levels  and  well  histories  indicate  that  the  Gaspur  aquifer 
has  been  partially  dewatered.  The  majority  of  new  wells  drilled  in  the  area 
under  which  this  aquifer  lies  do  not  depend  solely  on  this  aquifer  but  are 
usually  drilled  into  and  perforated  in  deeper  aquifers  as  well.  Many  existing 
wells,  however,  depend  only  on  this  aquifer  for  their  supply,  and  in  these 
wells  the  yields  are  usually  high.  Permeabilities  in  this  aquifer  range 
up  to  6000  gallons  per  day  per  square  foot.   (See  Table  D  in  Attachment  2 
for  general  values  of  permeabilities  used  in  the  coastal  plain). 
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The  Gaspur  aquifer  is  merged  with  the  deeper  aquifers  in  the 
area  immediately  south  of  Los  Angeles   Narrows,  which  at  one  time  served  as 
a  recharge  area.  However,  this  area  is  now  completely  covered  by  buildings 
and  paved  streets.   Little,  if  any,  direct  percolation  of  water  is  possible; 
even  the  channel  of  the  Los  Angeles  River  is  now  lined  where  it  passes 
through  this  area. 

In  the  vicinity  of  Whittier  Narrows,  the  deeper  aquifers  are  also 
merged  with  the  Gaspur  aquifer  and  receive  their  natural  recharge  waters 
through  it.   Because  percolation  in  the  Los  Angeles  Narrows  has  been  rendered 
infeasible,  the  vVhittier  Narrows  is  the  most  suitable  remaining  location 
for  artificial  recharge  of  the  underlying  aquifers.   Consequently,  the  prin- 
cipal recharge  basins  and  projects  for  recharging  local  surface  flood  waters 
and  imported  waters  are  located  in  this  area,  from  whence  natural  percolation 
processes  carry  this  water  into  the  deeper  aquifers. 

Ballona  Aquifer.  The  other  principal  aquifer  of  Recent  age 
is  the  Ballona  aquifer,  which  has  previously  been  termed  the  "50-foot  gravel". 
Poland,  et  al  (l959a)  originally  assigned  the  name  "50-foot  gravel"  to  the 
lower  divisions  of  the  Recent  series  in  Ballona  Gap,  because  these  occurred 
at  an  average  depth  of  50  feet  below  the  surface.   Although  this  aquifer  is 
included  within  the  Recent  series  it  is  believed  that  at  least  part  of  it 
may  be  of  late  Pleistocene  age. 

The  Ballona  aquifer  lies  north  of  the  Ballona  escarpment  and  extend; 
inland  to  a  point  east  of  the  Overland  Avenue  fault.   The  extent  of  this 
aquifer  is  shown  on  Plate  10.   It  is  composed  of  coarse  sand,  rounded  to 
subrounded  gravel,  and  cobbles  up  to  five  inches  in  diameter  that  are  of 
both  granitic  and  metamorphic  origin.   Slate  pebbles  in  this  aquifer  suggest 
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that  the  Santa  Monica  Mountains  were  a  possible  source  of  material;  on 
the  other  hand,  granitic  rocks  and  pebbles  appear  to  come  from  the  San 
Gabriel  Mountains.  The  Los  Angeles  River  has  flowed  north  of  the  Baldwin 
Hills  and  along  Ballona  Creek  channel  in  historic  time,  but  no  attempt  has 
been  made  to  determine  the  relative  contribution  to  the  Ballona  aquifer 
from  the  two  drainage  systems. 

The  Ballona  aquifer  varies  in  thickness  from  less  than  10  feet 
at  the  coast  to  40  feet  near  Beverly  Hills.  Thickness  of  the  Ballona  aquifer 
is  delineated  on  Plate  11. 

The  base  of  the  Ballona  aquifer  drops  from  more  than  100  feet 
above  sea  level  beneath  the  Sawtelle  Plain  to  60  feet  below  sea  level  near 
the  Ballona  Escarpment,  a  gradient  of  about  kO   feet  per  mile .  There  is  a 
southward  tilt  to  the  base,  which  corresponds  to  the  southerly  dip  into 
West  Coast  Basin  of  the  San  Pedro  formation,  and  may  be  due  to  either 
erosion  and  depositional  processes  or  to  tilting,  or  possibly  both. 

Well  yields  from  the  Ballona  aquifer  are  highly  variable,  ranging 
from  100  to  800  gpm  (Poland,  et  al  1959a).  This  may  be  due  to  the  irregu- 
larity and  discontinuity  of  its  composition  and  thickness. 

Miscellaneous  Alluvial  Deposits.   Other  Recent  alluvial  de- 
posits include  beach  deposits,  playa  lake  deposits  and  lagoonal  marshland 
deposits.  These  have  been  described  more  elaborately  (Poland,  et  al  1959a)> 
and  are  treated  only  briefly  in  this  report. 

Narrow  strips  of  beach  deposits,  with  materials  ranging  in  size 
from  fine  sand  to  cobbles,  are  found  adjacent  to  wave-cut  cliffs  along  the 
coastline.  They  also  exist  as  barrier  beaches  across  the  various  gaps 
along  the  coast.  The  beach  deposits  act  as  a  source  for  wind-blown  material 
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for  the  coastal-dune  belt  and  may  also  serve  as  a  permeable  conduit  for  sea- 
water  intrusion  into  aquifers  near  the  surface  along  the  coast. 

Playa  lake  deposits  found  near  the  intersection  of  the  Coast  High- 
way and  Vermont  Avenue ,  about  one  mile  west  of  Wilmington,  have  been  de- 
posited in  shallow  closed  depressions.  Standing  water  accumulates  in  these 
closed  drainage  areas  after  heavy  rains.  These  deposits  are  usually  fine- 
grained sands,  silts,  and  clays . 

Lagoonal  marshlands  extend  along  the  coastal  reaches  of  the  Los 
Angeles  and  San  Gabriel  Rivers  and  Ballona  Creek  for  a  distance  of  one-half 
to  three  miles  inland.  Deposits  in  these  areas  appear  to  be  heterogeneous 
in  nature,  lenticular,  and  mostly  fine-grained.  These  sediments  may  also 
include  medium  sand,  silty  sand,  clay  and  peat  deposits. 

Active  Dune  Sand.  Wind-blown  sands  occur  in  a  narrow  strip  0.2 
to  0.5  miles  inland  and  parallel  to  the  coast  and  continue  from  Ballona 
Escarpment  southward  to  Redondo  Beach  for  a  distance  of  about  nine  miles. 
These  deposits  are  known  as  the  Active  Dune  Sands.  Plate  3B  shows  the  extent 
of  these  deposits  which  are  identified  by  the  symbol  Qsr.  These  eolian 
deposits  are  lenticular,  and  composed  of  fine  to  medium,  white  or  grayish 
sand,  usually  well  sorted.  These  sediments  may  also  include  medium  sand, 
silty  sand,  clay  and  peat  deposits.  The  Active  Dune  Sands  range  up  to  70 
feet  in  thickness.  Being  above  the  zone  of  saturation,  the  sands  do  not 
yield  water  to  wells.  However,  they  are  relatively  permeable  and  water 
held  in  closed  depressions  after  heavy  rains  does  percolate  vertically 
downward  and  laterally.  The  dune  sands  may  therefore  serve  as  recharge 
media  to  any  water  bodies  that  underlie  this  area. 
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Pleistocene  Series 

The  Pleistocene  series  is  divided  into  upper  Pleistocene  and  lover 
Pleistocene  in  most  of  coastal  California,  primarily  because  they  are  sep- 
arated by  an  angular  unconformity  in  many  uplift  areas.  Fossils  are  used 
as  an  additional  index  to  separation  of  the  Pleistocene  series.  The  boundary 
between  deposits  of  Pliocene  and  Pleistocene  age  is  difficult  to  determine 
and  consequently  is  somewhat  arbitrary  in  many  areas. 

In  the  coastal  plain  the  upper  Pleistocene  is  represented  by  the 
Older  Dune  Sands  and  the  Lakewood  formation,  while  the  lower  Pleistocene 
consists  of  the  San  Pedro  formation  (Poland,  et  al,  1956).   Where  they 
appear  on  the  surface  the  Older  Dune  Sands,  Lakewood  formation,  and  the  San 
Pedro  formation  are  identified  by  the  symbols  Qso,  Qlw,  and  Qsp,  respectively, 
on  Plate  3.  A  small  zone  of  transitional  material,  cropping  out  between  the 
San  Pedro  formation  and  the  underlying  Pico  formation  of  Pliocene  age  is 
also  shown  on  Plate  3  and  identified  by  the  symbol  Qsp-Pp. 

Older  Dune  Sand.  Dune  deposits  occur  in  West  Coast  Basin  which 
are  older  than  those  described  under  the  Recent  Series.  These  wind-blown 
materials  are  sufficiently  significant  in  manner  of  deposition,  lithology 
and  topography,  to  be  considered  in  this  report  as  a  separate  unit.  The 
term  "Older  Sand  Dunes"  has  been  previously  used  to  designate  these  wind- 
blown deposits;  however,  in  this  report,  the  more  descriptive  term  "Older 
Dune  Sand"  is  used  to  identify  these  deposits. 

The  Older  Dune  Sand  has  been  described  by  Poland,  (1956,  1959h) 
and  in  Calif.  D.W.R.  1952a  and  1957c.  Although  these  sediments  have  been 
previously  classed  as  Recent  materials,  they  are  now  considered  to  be  of 
late  Pleistocene  age. 
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The  Older  Dune  Sand  covers  an  area  three  to  four  miles  vide  and 
about  13  miles  long  extending  along  the  Santa  Monica  Bay  Coast  line  south 
of  Ballona  Escarpment.  Surface  exposures  and  well  logs  indicate  that  the 
dune  sediments  cover  the  Ocean  Park  Plain  as  veil  as  a  portion  of  the  West 
Coast  Basin.  In  the  Ballona  Creek  area  the  older  dunes  have  been  removed. 
In  the  West  Coast  Basin  the  Older  Dune  Sand  together  with  the  Active  Dune 
Sand  form  the  El  Segundo  Sand  Hills. 

The  Older  Dune  Sand  consists  of  fine  to  medium  sand  vith  minor 
sandy  silt,  clay,  and  gravel  lenses.  Within  the  veathered  zone  the  materials 
are  yellov  to  brown  in  color  although  the  unveathered  formation  in  place 
is  vhite,  gray  and  black  in  color.  The  Older  Dune  Sand  generally  consists 
of  three  divisions:  a  deeply  veathered  surface,  an  intermediate  horizon 
of  clean  sands  and  basal  beach  sands  and  gravels,  and  a  lovermost  horizon 
vhich  apparently  includes  a  zone  of  transition  to  the  underlying  Bellflover 
a qui elude. 

Cross-bedding,  and  fossils  in  exposures  near  the  Hyperion  Sevage 
Treatment  Plant  at  El  Segundo  and  elsewhere,  indicate  that  the  sands  were 
originally  beach  deposits  with  associated  coarse  gravels.  These  beach  de- 
posits were  exposed  to  the  wind  by  lowering  of  the  sea  level,  resulting  in 
formation  of  the  present  Older  Dune  Sand.  Deep  weathering  has  oxidized 
the  iron  minerals  which,  through  cementation  and  leaching  processes,  have 
partially  filled  the  interstices  between  individual  grains,  thus  reducing 
the  permeability  of  the  weathered  Older  Dune  Sand  to  some  extent.  Uplifting 
may  have  gently  tilted  these  dunes  toward  the  southwest. 

Deep  percolation  of  surface  water  occurs  in  most  of  the  Older 
Dune  Sand  area,  especially  where  closed  depressions  occur.  Directly  beneath 
these  older  dunes  in  part  of  the  El  Segundo  Sand  Hills,  the  fine  sediments 
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of  the  Bellf lower  aquiclude  restrict  downward  movement  of  ground  water. 
However,  the  aquiclude  is  missing  along  the  ocean  and  ground  water  can  move 
laterally  into  an  area  where  downward  percolation  can  again  occur. 

Lakewood  formation.   The  Lakewood  formation  includes  all  upper 
Pleistocene  deposits  other  than  the  Older  Dune  Sand .   It  includes  what  has 
previously  been  termed  "terrace  deposits",  "Falos  Verdes  sand",  and  "unnamed 
upper  Pleistocene  deposits".   Other  names  which  have  been  used  for  upper 
Pleistocene  deposits  or  parts  of  these  deposits  include  the  Sunny  Hill  for- 
mation (Hoskins,  195^> )>  and  San  Dimas  formation  (Eckis,  1928).  These  names, 
however,  are  awkward  for  use  in  the  entire  coastal  plain  since  the  named 
formations  have  been  described  as  existing  only  in  the  limited  associated 
area.  The  present  designation  was  selected  from  a  typical  section  indicated 
in  the  log  of  a  well  at  Lakewood  where  this  formation  reaches  a  maximum 
thickness  of  approximately  j-0  feet. 

In  the  upper  part  of  the  Lakewood  formation  lithologic  changes 
are  rapid,  with  discontinuous  permeable  zones  and  considerable  variation 
in  particle  size,   lio  shell  zones  have  been  found  in  the  upper  part  of  this 
formation.  These  features  represent  typical  stream  type  alluviation  with 
flood  plain  fine-grained  sediments  comprising  from  k-0   to  80  percent  of  the 
total  deposits.   In  the  lower  horizons  the  gravels  and  coarse  sands  are 
confined  zo   a  narrow  belt  extending  over  the  Newport-Inglewood  uplift. 
Gravels  range  from  pea-size  to  cobbles,  three  to  four  inches  in  diameter. 
Over  the  balance  of  the  coastal  plain,  coarse  basal  deposits  of  sand  and 
gravel  are  fairly  continuous  with  discontinuous  lenses  of  sandy  silt  and 
clay.   The  basal  part  of  the  Lakewood  formation  in  the  Cheviot  Hills  area 
of  Beverly  Hills  has  been  called  the  Medill  sand  by  Rodda  (1957).. 
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The  Lakewood  formation  extends  beneath  most  of  the  coastal  plain. 
In  portions  of  the  Baldwin  Hills,  Signal  Hill,  Palos  Verdes  Hills,  and  Coyote 
Hills,  it  has  "been  eroded,  exposing  the  underlying  San  Pedro  and  older  form- 
ations-  In  the  La  Brea,  Santa  Monica,  and  Montebello  Plains,  and  on  the 
flanks  of  the  Palos  Verdes  Hills  and  Puente  Hills,  the  Lakewood  formation 
unconformably  overlies  the  lower  Pleistocene  San  Pedro  formation,  the 
Pliocene  Pico  and  Repetto  formations,  and  the  Miocene  Puente  formation. 

The  Lakewood  formation  is  divided  into  the  Artesia-Exposition 
aquifers,  the  Gage-Gardena  aquifers,  and  the  unnamed  aquicludes  between  the 
aquifers.   In  some  areas,  portions  of  the  Semiperched  aquifer  and  the  Bell- 
flower  aquiclude,  described  under  Recent  alluvium,  are  included.  The  base 
of  the  Lakewood  formation  generally  coincides  with  the  base  of  the  Gage 
and  Gardena  aquifers.   The  aquifers  of  the  Lakewood  formation  are  discussed 
in  the  following  paragraphs. 

Artesia-Exposition  Aquifers.  The  Artesia  and  Exposition 
aquifers,  although  located  in  separate  geographical  areas,  are  similar  in 
composition  and  mode  of  deposition;  this  leads  to  the  conclusion  that  they 
are  contemporaneous.  They  are,  therefore,  jointly  discussed  in  this  section. 
The  Artesia  aquifer  appears  to  be  related  to  the  San  Gabriel  River,  Coyote 
Creek,  and  Santa  Ana  River  systems,  and  the  Exposition  aquifer  is  related 
to  the  Los  Angeles  River  drainage  system.   As  shown  on  geologic  section 
C-C'-C",  Plate  6B,  these  aquifers  extend  beneath  the  Gaspur  aquifer  at 
which  point  they  merge  with  each  other  and  with  the  overlying  Gaspur  aquifer. 
On  Plates  10  and  11,  the  contours  on  the  base  of  the  Artesia-Exposition 
aquifers  and  lines  of  equal  thickness  are  not  extended  beneath  the  Gaspur 
aquifer  since  it  is  difficult  to  distinguish  the  separate  aquifers. 
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The  Artesia  aquifer  extends  from  the  middle  of  the  Santa  Fe  Springs 
Plain  southward,  where  it  underlies  the  northern  portions  of  the  Bouton  Plain, 
Signal  Hill,  and  Bixby  Ranch  Hill.  It  follows  the  general  trend  of  the 
present  San  Gabriel -Coyote  Creek  drainage  as  shown  on  Plate  10.  The  Artesia 
aquifer  extends  southeasterly  from  the  Gaspur  aquifer  to  and  beyond  the  Los 
Angeles-Orange  County  line.  However,  since  no  study  has  been  made  of  the 
extension  of  this  or  any  other  aquifer  outside  the  area  of  investigation,  it 
is  terminated  at  the  county  line. 

The  Artesia  aquifer  is  composed  of  coarse  gravel,  coarse  to  fine 
sand  and  interbedded  silts  and  clays.  In  some  areas,  individual  gravel 
members  within  the  aquifer  can  be  identified  in  drillers  logs  for  considerable 
distances.  The  Artesia  aquifer  has  a  general  southwesterly  dip,  and  varies 
in  thickness  (Plate  11)  and  bottom  configuration  (Plate  10). 

The  ancestral  San  Gabriel  and  Santa  Ana  Rivers,  and  Coyote  Creek, 
appear  to  have  been  the  main  source  of  the  sediments  comprising  this  aquifer. 
The  Santa  Ana  River  may  have  contributed  sediments  to  the  southern  portion 
of  the  area  since  this  river  once  flowed  directly  west  and  joined  the  San 
Gabriel  River  near  its  present  confluence  with  Coyote  Creek. 

The  geographical  extent  of  the  Exposition  aquifer  is  shown  on 
Plate  10.  This  aquifer  consists  of  one  to  four  discontinuous  coarse  members. 
Materials  range  in  size  from  coarse  gravels  to  clay,  with  the  fine  deposits 
separating  the  lenticular  sandy  and  gravelly  beds.  Changes  in  lithology  are 
frequent  as  evidenced  by  the  many  lenses  of  silt  and  clay  encountered  in  the 
drillers  logs. 

Deposition  of  this  material  appears  to  have  been  controlled  by  the 
ancestral  Los  Angeles  River,  which  may  have  flowed  through  the  Silver  Lake 
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area  (Riveroll,  1957)  in  "the  geologic  past,  as  well  as  by  tributary  streams 
from  the  Santa  Monica  Mountains,  Elysian  Hills,  and  Repetto  Hills.  The 
configuration  of  the  base  of  the  Exposition  aquifer,  as  well  as  the  Artesia 
aquifer,  is  highly  irregular  and  it  appears  that  both  were  deposited  on  an 
erosional  surface.  A  study  of  well  logs  indicates  that  the  upper  coarse 
members  of  the  Exposition  aquifer  were  either  eroded  and  backfilled  by 
Gaspur  deposits  or  that  some  of  the  upper  members  were  deposited  contempo- 
raneously with  the  formation  of  the  Gaspur  aquifer.  Highway  excavations  in 
the  vicinity  of  Boyle  Heights  and  other  areas  along  the  south  slope  of  the 
Repetto  Hills  and  along  the  east  bank  of  the  Los  Angeles  River  have  exposed 
clean  sands  and  gravels  which  are  apparently  an  upper  member  of  the  Exposition 
aquifer. 

The  maximum  thickness  of  the  Exposition  aquifer  is  100  feet.   Lines 
of  equal  thickness  of  the  aquifer,  including  interbedded  fine  materials  as 
well  as  the  permeable  zones,  are  shown  on  Plate  11. 

Stratigraphically,  the  Artesia  and  Exposition  aquifers  lie  above 
the  Gage  aquifer,  described  subsequently,  and  are  generally  deeper  than  the 
Gaspur  aquifer,  although  some  of  the  upper  coarse  members  abut  directly 
into  the  Gaspur  aquifer  and  may  be  of  the  same  age.  At  Boyle  Heights  and 
other  places,  the  Artesia  and  Exposition  aquifer  have  been  uplifted  and  are 
now  higher  in  elevation  than  the  adjacent  Gaspur  aquifer.  Lower  members  of 
the  Exposition  continue  beneath  the  Gaspur  aquifer  and  merge  laterally  with 
the  Artesia  aquifer.  The  Exposition  aquifer  merges  with  the  underlying  Gage 
aquifer  approximately  three  miles  northwest  of  downtown  Los  Angeles  and  also 
in  the  triangular  area  between  the  easterly  and  westerly  arms  of  the  Gaspur 
aquifer  on  the  Montebello  Plain, as  shown  on  Plate  12,  "Lines  of  Equal  Ele- 
vation on  the  Base  of  the  Gage  and  Gardena  Aquifers". 


-59- 


The  Potrero  fault  is  the  only  known  structure  that  displaces  the 
Exposition  aquifer.  However,  both  the  Artesia  and  Exposition  aquifers  have 
been  affected  by  folding  and  show  slight  warping  near  the  Newport- Inglewood 
uplift  and  in  the  downwarped  area  of  the  Central  Basin. 

Gage  Aquifer.  The  basal  or  lowest  member  of  the  Lakewood 
formation  is  termed  the  Gage  aquifer.  The  name  "200-foot  sand"  was  applied 
to  this  aquifer  by  Poland,  et  al  (1948  and  1959a),  later  by  Richter  (1950) 
and  in  the  "Report  of  Referee",  (Calif.  D.W.R.  1952a).  Originally  the 
designation  of  the  "200-foot  sand"  was  used  because  the  aquifer  occurred 
about  200  feet  below  land  surface  in  the  syncline  extending  from  Inglewood 
southeasterly  through  Gardena.  In  the  Central  Basin  the  base  of  the  aquifer 
varies  from  100  to  over  350  feet  below  the  surface;  consequently  the  term 
"200-foot  sand"  is  inapplicable.  The  lowest  elevation  this  aquifer  attains 
is  in  the  vicinity  of  Lynwood,  where  an  elevation  of  350  feet  below  sea 
level  occurs.  The  Gage  aquifer  extends  over  most  of  the  Coastal  Plain  of 
Los  Angeles  County,  although  insufficient  data  is  available  to  verify  its 
extension  beneath  the  Santa  Monica  Plain.  Contours  on  the  base  of  the 
aquifer  are  shown  on  Plate  12. 

The  composition  of  the  Gage  aquifer  varies  from  a  fine  to  medium 
sand  with  variable  amounts  of  gravel,  sandy  silt,  and  clay  in  the  West 
Coast  Basin,  to  a  coarse  yellow  sand  and  minor  gravel  (two  to  four  inches 
in  diameter)  in  the  center  of  the  Central  Basin,  and  to  a  fine  yellow  sand 
and  gravel  toward  the  Whittier  Narrows  region.  The  thickness  varies  from 
10  feet  to  a  maximum  of  l60  feet  in  the  Torrance  area.  The  thickness  of 
the  aquifer  is  shown  on  Plate  13,  "Lines  of  Equal  Thickness  of  the  Gage 
and  Gardena  Aquifers". 
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Deposits  that  comprise  this  aquifer  are  of  both  marine  and  con- 
tinental origin.  Along  the  northerly  boundary  of  the  Central  Basin,  that 
is,  along  the  base  of  the  Santa  Monica  Mountains  and  the  Elysian  and  Repetto 
Hills,  the  deposits  appear  to  be  continental  in  origin-  In  the  southeastern 
half  of  the  coastal  plain  the  aquifer  consists  mainly  of  mixed  continental 
and  marine,  or  in  some  areas,  solely  marine  sediments. 

Subsurface  structures  which  either  cut  the  aquifer  or  against 
which  the  aquifer  terminates  are  shown  on  Plate  12.  Areas  where  the  aquifer 
is  merged  with  overlying  aquifers  are  also  shown  on  this  plate. 

While  this  aquifer  generally  consists  of  sand,  wells  have  been 
perforated  in  it  only  in  areas  where  coarser  materials  exist.  Approximately 
200  wells  have  been  drilled  into  the  Gage  aquifer  in  the  West  Coast  Basin 
in  the  vicinity  of  Gardena  but  it  is  unimportant  as  a  producing  aquifer  in 
other  areas. 

Gardena  Aquifer.  In  1950  Richter  described  the  coarse  de- 
posits comprising  this  aquifer  within  the  West  Coast  Basin  under  the  term 
"Gardena  Water-bearing  Zone".  In  "Report  of  Referee"  (Calif.  D.W.R.  1952a) 
the  description  of  the  Gardena  Water-bearing  Zone  was  further  elaborated. 
In  the  present  investigation  the  extent  of  the  Gardena  water-bearing  zone 
in  the  Central  Basin  was  determined  and  these  deposits  have  been  designated 
the  "Gardena  aquifer".  This  term  now  applies  to  all  of  the  coarse  deposits 
that  are  contemporaneous  with  the  Gage  aquifer  (fine  grained  deposits)  in 
both  the  Central  and  West  Coast  Basins . 

The  Gardena  aquifer  extends  inland  from  Redondo  Beach  beneath  the 
City  of  Gardena,  across  the  Wewport-Inglewood  uplift  and  into  the  Central 
Basin,  where  it  loses  its  identity  near  Lynwood.  Further  inland,  identical 


-61- 


coarse  deposits  are  again  discernible  underlying  the  Montebello  Plain  and 
within  the  Whittier  Narrows.   These  two  areas,  however,  are  separated  by 
the  Gage  aquifer  which  underlies  that  part  of  the  Central  Basin  where  the 
water-bearing  deposits  are  deepest.   In  the  western  part  of  the  coastal 
plain,  the  deposits  form  a  strip  one  to  four  and  one-half  miles  wide  ex- 
tending from  Lynwood  to  the  coast .   Other  coarse  deposits,  believed  to  be 
at  the  same  stratigraphic  horizon,  extend  southwesterly  from  the  Whittier 
Narrows  and  then  form  two  southeasterly  trending  lobes.   One  lobe  reaches 
the  area  south  of  downtown  Los  Angeles  and  the  Elysian  Hills,  and  the  other 
extends  along  the  south  side  of  the  Santa  Fe  Springs  Plain  to  the  vicinity 
of  Norwalk.  The  extent  of  these  deposits  is  shown  on  Plate  12. 

The  lithology  of  the  Gardena  aquifer  in  the  West  Coast  Basin  is 
given  by  Richter  (1950)  as  coarse  sand  and  gravel  with  discontinuous  lenses 
of  sandy  silt  and  yellow  to  blue  clay,  with  the  gravel  sizes  ranging  from 
pea-size  to  cobbles  three  to  four  inches  in  diameter  and  the  sand  ranging 
from  fine  to  coarse.   Deposits  in  the  Central  Basin  also  contain  coarse 
sands  and  gravels,  with  minor  lenses  of  sand,  silty  clay,  and  clay.  The 
deposits  are  similar  in  thickness  and  elevation  to  those  of  the  Gage  aquifer 
and  are  in  direct  continuity  with  the  Gage  materials.   According  to  Richter 
(I950)j  the  thickness  within  the  West  Coast  Basin  varies  from  50  to  75  feet 
between  the  Avalon-Compton  fault  and  the  City  of  Gardena;  from  75  to  100 
feet  west  of  Gardena,  and  is  over  100  feet  where  it  overlaps  the  merged 
Lynwood  and  Silverado  aquifers  near  the  coast.  The  present  study  indicates 
that  the  Gardena  aquifer  varies  in  thickness  from  kO   feet  near  Lynwood  to 
100  feet  near  Gardena  and  increases  to  160  feet  northwest  of  Torrance. 
Lines  of  equal  thickness  are  shown  on  Plate  13. 
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As  shown  on  Plate  12, the  lowest  elevation  of  the  base  of  this 
aquifer  is  350  feet  below  sea  level  in  the  Central  Basin  and  200  feet  below 
sea  level  in  the  West  Coast  Basin.   On  the  Newport- Inglewood  uplift,  as 
well  as  in  the  merged  area  near  the  coast,  the  elevation  of  the  base  is 
100  feet  below  sea  level. 

Richter  (1950)  indicated  that  this  aquifer  was  one  of  fluvial 
origin  since  the  alignment  over  the  Newport- Inglewood  uplift  was  narrow  and 
perpendicular  to  probable  ancient  shore  lines;  furthermore,  these  deposits 
are  similar  to  other  Recent  alluvial  deposits  in  Dorainguez  and  other  Gaps. 
However,  Poland  (1959a)  suggested  that  this  coarse  deposit  may  have  been 
laid  down  beyond  a  shore  line  fringing  the  Newport- Inglewood  uplift.  Work 
in  conjunction  with  this  investigation,  however,  leads  to  the  same  conclusion 
outlined  by  Richter. 

Some  ancestral  river  flowing  southwesterly  incised  a  channel  across 
the  Newport- Inglewood  uplift  and  eroded  away  most  of  the  sediments  comprising 
the  Gage  aquifer  ("200-foot  sand").   In  this  channel  coarse  fluvial  deposits 
were  laid  down  during  a  subsequent  rise  of  sea  level.   Coastward  from  the 
uplift  some  shells  have  been  found  in  wells  drilled  in  this  aquifer  sug- 
gesting that  fluvial  action  may  have  been  affected  by  shallow  lagoons  or 
estuaries.  From  further  study  conducted  during  this  investigation,  it  appears 
that  the  Rio  Hondo-San  Gabriel  River  systems  have  been  the  principal  trans- 
porting agencies  for  sediments  comprising  the  Gardena  aquifer.   However, 
because  the  two  inland  lobes  of  the  Gardena  aquifer  extend  parallel  to  the 
inland  foothills  there  is  a  possibility  that  the  Los  Angeles  River  may 
have  deposited  portions  of  it. 

In  the  Whittier  Narrows,  the  Gardena  aquifer  is  cut  by  the  Rio 
Hondo  fault  shown  on  Plate  7>  and  it  has  been  folded  up  to  11  degrees  along 
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the  edge  of  the  area  near  Boyle  Heights.  Recent  uplift  along  the  crest  of 
the  Rosecrans  anticline  has  arched  the  Gardena  aquifer,  and  this  is  shown 
on  Plate  12  by  contours  plotted  of  the  base  of  the  aquifer. 

The  Gardena  aquifer  has  yielded  large  quantities  of  water  to  wells. 
Because  of  its  coarse  texture  and  continuity,  it  is  an  important  aquifer  in 
the  coastal  plain.  It  is  in  hydraulic  continuity  with  the  Gage  aquifer 
throughout  most  of  its  extent  and  for  this  reason  the  isopachs  (lines  of 
equal  thickness)  and  elevation  contours  are  plotted  on  the  same  maps  as  the 
Gage  aquifer. 

San  Pedro  Formation.   The  San  Pedro  formation  has  previously  been 
defined  to  Poland,  et  al  (19^5,  19^,  1956,  1959a),  as  "that  stratigraphic 
unit  underlying  the  unnamed  upper  Pleistocene  deposits  and  overlying  the 

Pico  formation  of  the  late  Pliocene  age Essentially,  the  San  Pedro 

formation  embraces  all  strata  of  lower  Pleistocene  age."  Richter  (1950 ) 
defined  the  San  Pedro  formation  as  "all  of  the  deposits  of  lower  Pleistocene 
age  which  underlie  West  Basin."  The  original  type  section  of  the  San  Pedro 
formation  contained  San  Pedro  sand,  Timms  Point  silt,  and  Lomita  marl; 
however,  Poland  has  stated  that  the  San  Pedro  formation  "includes  some 
strata  that  are  younger  and  may  include  some  that  are  older  than  any  exposed 
in  the  type  section  cited." 

Eckis,  (Calif.  D.W.R.,  193*0  used  the  term  "Fernando  Group"  for 
the  lower  Pleistocene  and  upper  Pliocene  strata  that  occurs  along  the  inland 
foothills  of  the  coastal  plain.  Since  this  term  included  the  upper  Pliocene 
deposits,  not  considered  important  fresh-water-bearing  sediments,  the  desig- 
nation "San  Pedro  formation"  is  used  in  this  report  for  the  heterogeneous 
materials  comprising  the  lower  Pleistocene  horizons. 
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The  San  Pedro  formation  underlies  most,  if  not  all,  of  the  Coastal 
Plain  of  Los  Angeles  County  as  well  as  portions  of  the  Santa  Monica  and  San 
Pedro  shelves  offshore.   In  the  type  section  along  the  north  flank  of  the 
Palos  Verdes  Hills  the  San  Pedro  formation  is  composed  of  stratified  sand 
with  some  beds  of  fine  gravel,  silty  sand,  and  silt.   Crossbedding  occurs 
frequently  in  the  outcrop.   Some  pebbles  of  limestone,  siliceous  Miocene 
shales  and  schist  are  also  found.   Away  from  the  Palos  Verdes  Hills  the  per- 
centage of  granitic  fragments  increase.  In  1950*  Richter  described  the 
lithology  of  the  San  Pedro  formation  as  it  occurs  in  West  Coast  Basin  as 
"gray  sand,  which  weathers  brown  or  reddish  brown  on  exposure,  and  interbeds 
of  small  gravel  are  characteristic.  Sand  and  gravel  fragments  are  mainly 
granitic,  indicating  a  common  source  area,  probably  the  San  Gabriel  Mountains". 
Fine-grained  members  are  generally  marine  type,  blue  to  black  clays,  sea 
muds,  or  quicksand  with  abundant  shells.  The  Anchor  silt  found  in  the  Cheviot 
Hills  (Rodda,  1957)  is  one  of  these  members.  It  is  correlative  with  the 
Timms  Point  silt,  of  lower  Pleistocene  age,  and  to  the  lower  part  of  the 
San  Pedro  formation.  The  Coyote  silt  found  in  the  Coyote  Hills  (Hoskins, 
195U)  is  also  of  lower  Pleistocene  age  and  resembles  the  Anchor  silt. 

The  thickness  of  the  San  Pedro  formation  is  about  1050  feet  be- 
neath the  Downey  Plain  along  the  South  Gate-Santa  Ana  Depression,  and  in- 
creases to  a  maximum  of  1350  feet  in  the  area  about  two  miles  east  and 
southeast  of  Norwalk  along  the  Korwalk  synclinal  axis.  Where  section  C-C'-C" 
(Plate  6b)  crosses  the  Rosecrans  anticline,  the  thickness  is  570  feet. 
Within  the  West  Coast  Basin  the  thickness  is  greatest  along  the  Gardena 
syncline,  varying  from  400  feet  about  1  l/2  miles  west  of  Inglewood  to 
500  feet  1  mile  north  of  Hawthorne,  700  feet  at  Gardena,  and  to  as  much  as 
1050  feet  near  the  intersection  of  Carson  and  Alameda  Streets. 
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The  San  Pedro  formation  crops  out  along  the  south  side  of  the 
Repetto,  Merced,  and  Puente  Hills;  on  the  Coyote  Hills,  Baldwin  Hills,  and 
Beverly  Hills;  along  the  north  side  of  the  Palos  Verdes  Hills;  and  on  Signal 
Hill.  Around  the  margins  of  the  coastal  plain,  the  San  Pedro  formation  is 
upturned,  and  in  some  local  areas  is  beveled  and  capped  by  younger  strata. 

Most  of  the  structures  encountered  within  the  area  of  study  affect 
at  least  part  of  the  San  Pedro  formation.  Elevation  contour  maps  on  the 
bases  of  the  aquifers  that  comprise  this  formation  indicate  which  fault  or 
faults  displace  the  aquifers.  Much  folding  and  warping,  along  with  erosion, 
also  has  affected  many  of  the  aquifers.  The  structures  affecting  the  San 
Pedro  formation  will  be  discussed  in  the  descriptions  of  individual  aquifers 
to  follow. 

On  Plate  3  the  San  Pedro  formation,  where  it  appears  at  the  ground 
surface,  is  represented  by  the  symbol  "Qsp".  Although  the  formation  is 
shown  as  one  unit  for  convenience,  it  has  been  divided  into  various  strati- 
graphic  units  or  members.  Only  those  members  capable  of  storing  or  con- 
veying ground  water  in  suitable  quantities  have  been  named  as  aquifers, 
while  the  intervening  finer-grained  zones  were  not  named.  In  downward  suc- 
cession, excluding  the  fine-grained  interbedded  layers,  the  aquifers  are: 
The  Hollydale  aquifer,  the  Jefferson  aquifer,  the  Lynwood  aquifer  ("400- 
foot  gravel"),  the  Silverado  aquifer,  and  the  Sunnyside  aquifer.   Since 
most  of  the  important  aquifers  used  for  production  within  the  coastal  plain 
are  contained  within  the  San  Pedro  formation,  their  complex  water-bearing 
characteristics  are  discussed  in  Chapter  VI  rather  than  in  the  following 
description. 
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Hollydale  Aquifer.  The  uppermost  aquifer  within  the  San 
Pedro  formation  is  named  the  Hollydale  aquifer.   Although  discontinuous  in 
extent,  it  reaches  from  the  Newport-Inglevood  uplift  north  and  northeast- 
ward to  the  south  line  of  the  Elysian,  Repetto,  Merced,  and  Puente  Hills, 
and  eastward  and  southeastward  to  and  beyond  the  Los  Angeles -Orange  County 
line.  Plate  Ik,   entitled  "Lines  of  Equal  Elevation  on  the  Base  of  the 
Hollydale  Aquifer",  shows  the  sinuous  irregular  courses  of  this  aquifer. 

The  lithology  of  this  aquifer  is  variable  and  consists  of  yellow 
sands  and  gravels  (pea-size  to  two  inches)  in  the  northeastern  portion  of 
the  area,  while  grey,  blue,  and  black  sands,  with  muds,  clays,  and  marine 
shells  become  more  predominant  toward  the  Newport- Inglewood  uplift.  Well 
log  reports  are  the  only  means  of  determining  the  lithology  for  this  aquifer 
because  it  does  not  crop  out  on  the  surface.  The  well  logs  indicate  that 
some  of  the  marine  sands  are  mushy,  while  others  are  cemented  and  hard. 

The  irregular,  sinuous,  and  meander-like  courses  of  the  aquifer 
suggests  a  stream  deposition,  but  the  lithology  of  the  aquifer  over  three- 
fourths  of  the  area  indicates  shallow  marine  deposition.  Because  the  two 
main  lobes  of  the  aquifer  open  toward  the  Los  Angeles  and  Whittier  Narrows, 
it  is  assumed  that  streams  flowing  through  these  two  narrows  have  controlled 
the  deposition  of  those  parts,  while  a  part  of  the  sediments  were  laid  down 
beneath  shallow  water  in  lagoons  or  estuaries. 

Lines  of  equal  thickness  of  this  aquifer  are  shown  on  Plate  15, 
"Lines  of  Equal  Thickness  of  the  Hollydale  Aquifer".   The  thickness  varies 
from  less  than  10  feet  to  a  maximum  of  100  feet  near  Lakewood. 

In  stratigraphic  position  the  Hollydale  aquifer  is  the  first 
important  aquifer  beneath  the  Gage-Gardena  aquifers.  The  Hollydale  aquifer 
is  overlain  and  underlain,  in  most  areas,  by  fine-grained  members  or  aquicludes 
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of  the  San  Pedro  formation.  Elevation  contours  on  the  base  of  the  Hollydale 
aquifer  and  areas  of  mergence  with  overlying  aquifers  are  shown  on  Plate 
14.  The  aquifer  attains  its  greatest  depth  at  an  elevation  of  500  feet 
below  sea  level  about  two  miles  east  of  Compton.  In  the  area  between  the 
towns  of  Norwalk  and  Bellf lower,  the  depth  is  about  k^O   feet  below  sea  level. 
The  slope  of  the  base  of  the  Hollydale  aquifer  is  generally  toward  these  two 
areas  of  greatest  depth. 

Upfolding  along  the  Newport-Inglewood  uplift  has  apparently  limited 
the  depositional  area  of  the  Hollydale  aquifer  to  the  Central  Basin.  Within 
the  Central  Basin  the  aquifer  does  not  exist  in  upfolded  areas.   Downfolding 
along  the  axis  of  the  Paramount  and  Norwalk  synclines  has,  however,  placed 
the  base  of  the  aquifer  at  an  elevation  of  500  feet  below  sea  level. 

This  aquifer  apparently  does  not  yield  large  quantities  of  water 
to  wells,  therefore  few  wells  are  perforated  in  this  interval  and  even  then 
only  when  producing  horizons  above  and  below  are  also  perforated.  Low  pro- 
ductivity of  the  Hollydale  aquifer  may  be  due  to  the  fineness  of  the  mater- 
ials of  which  it  is  composed  and  the  lack  of  continuity  in  its  extent. 

Recharge  of  the  Hollydale  aquifer  can  be  accomplished  only  where 
it  merges  with  the  overlying  Gage  or  younger  aquifers  (Plate  Ik)   because  of 
the  absence  of  outcrop  areas. 

Jefferson  aquifer.  Within  the  Central  Basin,  the  second 
aquifer  in  downward  succession  within  the  San  Pedro  formation  is  designated 
the  Jefferson  aquifer.  This  aquifer  extends  over  most  of  the  Central  Basin, 
although  it  is  not  known  to  reach  the  surface.  Lobes  of  this  aquifer  extend 
into  the  Whittier  Narrovs,  into  the  La  Brea  Plain,  and  south  of  the  Coyote 
Hills  through  Buena  Park  into  Orange  County.  Within  the  boundaries  of 
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the  aquifer,  some  irregular  areas  exist  where  the  aquifer  has  not  been 
identified,  as  indicated  on  Plate  16,  "Lines  of  Equal  Elevation  on  the  Base 
of  the  Jefferson  Aquifer".  This  aquifer  has  not  been  located  in  the  West 
Coast  Basin.  The  Jefferson  aquifer  occurs  in  sinous  courses  extending  from 
both  the  Los  Angeles  and  Whittier  Narrows  into  Orange  County. 

The  lithology  of  the  Jefferson  aquifer  is  known  only  from  drillers 
logs  of  water  wells.  The  sediments  comprising  this  aquifer  are,  for  the 
greater  part,  fine-grained.   Gravels  are  most  extensive  in  the  Whittier 
Narrows  but  also  occur  in  scattered  patches  through  the  rest  of  the  Central 
Basin.  The  remainder  of  the  aquifer  consists  primarily  of  sand  with  some 
gravelly  and  clayey  lenses. 

From  the  pattern  of  distribution  of  sediments  comprising  this 
aquifer,  source  areas  are  assumed  to  have  been  the  San  Fernando  and  San 
Gabriel  Valleys  and  their  surrounding  highlands.  The  Los  Angeles  and  San 
Gabriel  Rivers  appear  to  have  transported  the  material  through  the  Los 
Angeles  and  Whittier  Narrows  into  or  through  three  possible  areas:  the 
La  Habra  Piedmont  slope,  the  Buena  Park  area,  and  southward  toward  Seal 
Beach.   Extensions  of  these  areas  into  Orange  County  have  not  been  deter- 
mined. 

The  thickness  of  the  Jefferson  aquifer  is  shown  on  Plate  17, 
"Lines  of  Equal  Thickness  of  the  Jefferson  Aquifer",  and  varies  from  a  few 
feet  to  a  maximum  of  1^0  feet  along  the  Los  Aland. tos  fault.   At  Norwalk 
the  Jefferson  aquifer  is  120  feet  thick.  The  Jefferson  aquifer  has  been 
considerably  folded  and  its  base  varies  in  elevation  from  700  feet  below 
sea  level  to  50  feet  above  sea  level. 

Structures  that  affert.  the  Jefferson  aquifer  are  the  Los  Alamitos, 
Rio  Hondo,  Pico,  and  Cherry  Hill  faults,  and  possibly  the  Seal  Beach  fault. 
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It  is  "believed  that  the  general  upwarped  area  along  the  Newport -Inglewood 
uplift  has  controlled  or  confined  to  the  Central  Basin  the  deposition  of 
sediments  comprising  this  aquifer. 

Although  it  does  not  crop  out  on  the  surface,  the  Jefferson  aquifer 
does  merge  with  the  overlying  Hollydale  aquifer  and  also  with  the  Gage 
aquifer  along  the  Elysian  Hills,  Repetto  Hills,  and  within  the  Whittier 
Narrows.  These  areas  of  mergence  are  shown  on  Plate  16. 

Artificial  recharge  within  the  Whittier  Narrows  would  have  some 
effect  on  this  aquifer.  Since  less  than  10  percent  of  the  wells  in  the 
Central  Basin  are  perforated  in  this  horizon,  and  then  only  in  areas  where 
coarse  sandy  and  gravelly  zones  are  found,  it  is  not  considered  an  important 
water  producing  aquifer. 

Lynwood  Aquifer.  The  Lynwood  aquifer  is  the  term  used  for 
the  third  aquifer  in  stratigraphic  sequence  within  the  San  Pedro  formation. 
The  term  "400-foot  gravel"  has  been  applied  to  this  aquifer  in  the  West 
Coast  Basin.  This  latter  term  was  first  used  by  Poland  (itykQ)   and  defined 
as  "a  distinct  water-bearing  zone  in  the  upper  part  of  the  San  Pedro  forma- 
tion ....  its  base  is  about  ^00  feet  below  land  surface  along  the  axis  of 
the  syncline"  (southwest  of  the  Newport-Inglewood  uplift).  Plate  18,  "Lines 
of  Equal  Elevation  on  the  Base  of  the  Lynwood  Aquifer",  and  Plate  19,  "Lines 
of  Equal  Thickness  of  the  Lynwood  Aquifer"  show  the  extent,  elevation  of 
the  base,  and  thickness  of  this  aquifer. 

The  Lynwood  aquifer  extends  throughout  the  Central  and  West  Coast 
Basins  and  its  existence  has  been  verified  in  the  Hollywood  Basin.  There 
is  no  evidence  to  show  that  it  exists  in  the  Santa  Monica  Basin,  nor  has 
it  been  identified  in  the  Baldwin  Hills. 
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Materials  of  which  the  Iynwood  aquifer  is  composed  appear  to  be 
both  continental  and  marine  in  origin.  Continental  deposits,  of  yellow, 
brown,  and  red  coarse  gravels,  sands,  silts,  and  clays,  are  found  in  the 
vicinity  of  the  Montebello  Forebay  Area.  A  line  bounding  this  area  extends 
from  the  Whittier  Narrows  to  Bellf lower,  thence  to  Compton,  South  Gate, 
Huntington  Park,  and  back  to  the  Whittier  Narrows.  One  arm  of  continental 
sediments  extends  from  the  area  just  described  toward  Hawthorne.  Sediments 
of  the  Iynwood  aquifer  surrounding  the  Montebello  Forebay  Area  are  mostly 
marine  deposits  and  are  characterized  by  sand  and  gravel  and  blue,  grey, 
and  black  silts  and  clays.  Some  of  the  sands  and  gravels  have  been  cemented. 
The  several  areas  where  the  marine  deposits  consist  predominantly  of  fine- 
grained materials  vary  from  less  than  100  acres  to  about  six  or  seven  square 
miles  in  extent,  and  are  shown  on  Plate  19 • 

From  the  study  of  well  logs  and  the  materials  from  wells  drilled 
into  this  aquifer,  it  appears  that  the  Rio  Hondo  and  San  Gabriel  River 
systems  have  been  the  major  contributing  source  for  the  continental  sediments. 
Marine-type  deposits  appear  to  have  been  laid  down  when  the  area  was  covered 
by  shallow  seas. 

The  Iynwood  aquifer  ranges  from  less  than  50  feet  to  about  200 
feet  in  thickness  near  Wilmington,  as  shown  on  Plate  19-  Near  Lakewood, 
Torrance,  Inglewood,  and  Montebello  it  is  about  150  feet  in  thickness. 
The  base  contours  and  lines  of  equal  thickness  are  not  shown  west  of  the 
Gardena  syncline  because  of  mergence  with  the  Silverado  aquifer. 

In  stratigraphic  sequence  the  Iynwood  aquifer  is  overlain  and 
underlain  in  most  of  the  area  by  fine-grained  materials  such  as  clays,  silts, 
and  sandy  and  silty  clays.  It  is  beneath  the  Jefferson  aquifer  and  above 
the  Silverado  aquifer.  Known  areas  of  mergence  with  the  overlying  aquifers 
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are  shown  on  Plate  18,  while  the  areas  of  mergence  with  the  Silverado  aquifer 
are  shown  on  Plate  20,  "Lines  of  Equal  Elevation  on  the  Base  of  the  Silverado 
Aquifer". 

Folding  has  been  the  primary  structural  factor  affecting  the  Lynwood 
aquifer.  Upfolding  or  upwarping  has  occurred  along  the  coast  in  the  West 
Coast  Basin,  over  the  Newport-Inglewood  uplift,  in  the  Artesia  area  over 
the  Santa  Fe  Springs  uplift,  along  the  edge  of  the  Elysian,  Repetto,  and 
Puente  Hills,  and  within  the  Whittier  Narrows.  Downwarping  has  affected 
the  aquifer  in  the  Hawthorne -Long  Beach  depression  extending  to  San  Pedro, 
within  the  South  Gate-Santa  Ana  depression  (includes  Paramount  and  Norwalk 
synclines),  and  within  the  La  Habra  syncline.  Within  the  West  Coast  Basin 
the  Charnock  fault  has  offset  the  Lynwood  aquifer.  Along  the  Newport- 
Inglewood  uplift,  the  Inglewood,  Potrero,  Avalon-Compton,  Cherry  Hill, 
Northeast  Flank,  and  other  associated  transverse  faults  cut  the  aquifer. 
Within  the  Central  Basin  the  Los  Alamitos  fault  offsets  the  Lynwood  aquifer 
as  does  the  Rio  Hondo  and  Pico  faults  within  and  south  of  Whittier  Narrows. 

The  Lynwood  aquifer  is  an  important  producer  of  ground  water 
and  is  discussed  in  more  detail  in  the  descriptions  of  the  ground  water 
basins  in  Chapter  VI.  Mast  wells  in  the  coastal  plain  drilled  to  or  below 
this  aquifer  are  perforated  in  it.  Yields  of  wells  perforated  only  in  the 
Lynwood  aquifer  vary  from  200  to  2100  gallons  per  minute. 

Surface  and  subsurface  flow  of  water  through  the  Whittier  Narrows 
moves  downward  through  the  shallow  aquifers  into  the  Lynwood  aquifer.  Water 
is  also  artificially  spread  in  shallow  pits  below  the  Whittier  Narrows 
where  the  Lynwood  aquifer  is  in  contact  with  the  permeable  materials  ex- 
tending upward  into  the  pits,  thus  permitting  this  water  to  reach  the 
Lynwood  aquifer.  This  artificial  method  of  recharging  is  not  generally 
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applicable  in  other  areas  where  the  Lynwood  aquifer  is  merged  with  the 
overlying  aquifers  because  of  the  greater  depth  of  those  aquifers  as  well 
as  the  Lynwood  aquifer  below  the  surface,  the  lack  of  continuous  permeable 
materials  to  conduct  water  vertically  downward,  and  the  lack  of  available 
space  for  large  surface  pits.  In  these  areas,  therefore,  other  methods 
of  recharge  would  be  necessary,  such  as  injection  wells  drilled  into  and 
perforated  in  this  aquifer. 

Silverado  Aquifer.   The  Silverado  aquifer  is  the  name  applied 
in  this  report  to  those  water-bearing  materials  which  are  stratigraphic 
equivalents  of  the  "Silverado  Water- Bearing  Zone"  in  the  West  Coast  Basin. 
Originally  named  by  Poland,  et  al  (1956),  from  its  typical  occurrence  in  a 
well  in  Silverado  Park,  Long  Beach,  the  Silverado  Water-Bearing  Zone  has 
been  found  throughout  the  rest  of  the  Coastal  Plain  of  Los  Angeles  County 
and  extends  across  the  Los  Angeles  County  line  into  Orange  County.  For 
the  purpose  of  this  report  the  term,  "Silverado  aquifer",  will  apply  to 
these  materials  throughout  the  Coastal  Plain  of  Los  Angeles  County.  Areas 
of  Pleistocene  deposits  occurring  in  the  Santa  Monica  and  San  Pedro  shelves 
offshore  may  be  continuations  of  the  Silverado  and  underlying  Sunnywide 
aquifers.  Plate  20  shows  the  known  extent  and  elevation  contours  of  the 
base  of  the  Silverado  aquifer. 

Sediments  comprising  the  Silverado  aquifer  are  both  continental 
and  marine.  Where  continental  deposits  predominate,  yellow  to  brown, 
coarse  to  fine  sands  and  gravels  are  interbedded  with  yellow  to  brown  silts 
and  clays.  Marine  deposits  which  comprise  the  Silverado  aquifer  over  the 
remainder  of  the  basin  are  primarily  blue  to  grey  sand,  gravel,  silt,  and 
clay.  Some  black  sands,  quicksand,  marine  shells,  peat,  and  wood  fragments 
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are  also  shown  on  drillers  logs  of  wells  located  in  the  area  of  marine  sedi- 
ments. In  the  West  Coast  Basin,  Richter  (1950)  describes  the  lithology  as 
fine  to  coarse,  blue-black  arkosic  sand  with  the  larger  grains  composed  of 
granite,  granodiorite,  and  diorite.  Along  the  flanks  of  the  Palos  Verdes 
Hills,  limestone  and  schist  pebbles  are  abundant,  while  in  the  Ballona  Gap 
area  slate,  schist,  and  volcanic  pebbles  are  commonly  found. 

The  ancestral  Rio  Hondo  and  San  Gabriel  River  systems  have  been 
the  major  transporting  agent  for  materials  comprising  the  continental  portion 
of  the  Silverado  aquifer  in  Central  Basin,  although  some  contributions  may 
have  been  added  by  the  Santa  Ana  River  flowing  in  one  of  its  earlier  courses. 
The  regional  evidence  indicates  that  the  Los  Angeles  River  did  not  flow  into 
the  coastal  plain  during  much  of  the  lower  Pleistocene  time  and  probably 
did  not  contribute  sediment  to  the  Silverado  aquifer.  However,  streams 
flowing  from  the  Santa  Monica  Mountains,  Elysian  Hills,  and  Palos  Verdes 
Hills  have  added  debris  from  these  areas.  Much  of  this  material  was  deposited 
beneath  the  shallow  ocean  that  covered  the  coastal  plain  at  this  time.  The 
continental  deposits  appear  to  have  been  laid  down  when  the  sea  was  retreat- 
ing from  the  coastal  plain. 

The  varying  thickness  of  the  Silverado  aquifer  is  depicted  on 
Plate  21,  "Lines  of  Equal  Thickness  of  the  Silverado  Aquifer".  This  aquifer 
reaches  a  maximum  thickness  of  500  feet  between  the  Wilmington  anticline 
and  the  Cherry  Hill  fault.  One  mile  west  of  Lakewood,  along  Carson  Street, 
the  Silverado  aquifer  is  V?0  feet  thick.  Along  the  south  side  of  the  Santa 
Fe  Springs  Plain  and  also  two  miles  southeast  of  Huntington  Park  it  is  300 
feet  thick. 

The  maximum  depth  reached  by  the  base  of  the  Silverado  aquifer, 
1200  feet  below  sea  level,  is  found  southwest  of  the  Cherry  Hill  fault 
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within  Dominguez  Gap,  along  the  north  side  of  the  Los  Alamitos  fault,  and 
about  three  miles  southeast  of  Norwalk.  A  depth  of  1100  feet  below  sea 
level  occurs  near  Long  Beach  Harbor. 

The  Silverado  aquifer  crops  out  along  the  northeast  flank  of  the 
Palos  Verdes  Hills,  possibly  on  the  continental  shelf  beneath  Santa  Monica 
Bay,  along  the  southern  margin  of  the  Baldwin  Hills,  in  the  Repetto  and 
Merced  Hills,  along  the  south  slope  of  the  Puente  Hills,  and  possibly  in 
the  Coyote  Hills.  Outcrops  in  the  areas  named  are  shown  as  the  San  Pedro 
formation,  Qsp  on  Plate  3>  because  insufficient  data  are  available  to  defin- 
itely identify  the  aquifer  involved. 

Areas  where  the  Silverado  aquifer  merges  with  overlying  aquifers 
are  shown  on  Plate  20.  In  the  Montebello  Forebay  Area  and  Whittier  Narrows 
the  Silverado  aquifer  is  directly  overlain  by  and  merges  with  aquifers 
younger  than  the  Lynwood  aquifer.  Merged  areas  are  irregular  in  extent  but 
are  generally  found  along  the  Newport- Inglewood  uplift,  in  the  area  from 
Huntington  Park  to  Santa  Fe  Springs,  and  also  within  the  Whittier  Narrows. 
In  the  West  Coast  Basin  the  Silverado  is  merged  with  the  overlying  Lynwood 
aquifer  everywhere  except  beneath  the  Gardena  syncline  and  the  Wilmington 
anticline.  Near  Santa  Monica  Bay  the  Silverado  aquifer  is  in  hydraulic 
continuity  with  the  Gardena  and  Gage,  as  well  as  the  Lynwood  aquifers.  In 
the  Montebello  Forebay  Area  the  Silverado  aquifer  merges  with  the  overlying 
Lynwood,  Jefferson,  Hollydale  and  Gardena  aquifers,  as  delineated  on  Plate 
20  A. 

The  Silverado  aquifer  has  suffered  a  greater  degree  of  folding 
than  the  overlying  Lynwood  aquifer.  It  has  been  deformed  by  all  of  the 
major  anticlinal  and  synclinal  folds.  All  the  major  faults  shown  on  Plate 
3  seem  to  have  affected  this  aquifer.  After  faulting  occurred,  the  aquifer 
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may  be  found  at  either  different  or  the  same  elevation  but  separated  by  a 
region  of  altered  permeability.  Sufficient  data  is  lacking  to  determine 
whether  the  geologic  structure  just  south  of  Santa  Fe  Springs  is  a  fault 
or  downfold.  On  the  basis  of  the  data  available  it  is.  believed  that  the 
postulation  of  a  sharp  downfold  would  explain  the  existing  structure  in  a 
more  adequate  manner  than  the  assumption  of  a  fault. 

This  aquifer  is  one  of  the  most  important  ground  water  producers 
in  the  coastal  plain.  Specific  capacities  of  wells  perforated  in  it  range 
up  to  a  maximum  of  159  gallons  per  minute  per  foot  of  drawdown  and  yields 
range  up  to  ^700  gallons  per  minute. 

In  the  Whittier  Narrows  the  Silverado  aquifer  is  merged  with  many 
overlying  aquifers  and  recharging  the  shallow  aquifers  in  that  area  would 
cause  additional  water  to  reach  the  Silverado  aquifer.  Recharge  from  the 
surface  in  the  Los  Angeles  Forebay  Area  may  also  reach  the  Silverado  aquifer 
where  it  is  truncated  by  the  Gaspur.  Other  possible  recharge  areas  for  the 
Silverado  aquifer  are  in  the  outcrop  along  the  Coyote  and  Baldwin  Hills, 
or  in  the  Ballona  Gap,  where  the  Silverado  aquifer  is  directly  beneath  the 
Ballona  aquifer  and  close  to  the  surface.  Natural  recharge  takes  place  in 
those  areas  shown  on  Plate  3  where  the  San  Pedro  formation  crops  out  on 
the  surface. 

Sunnyside  Aquifer.  The  water-bearing  materials  occurring 
within  the  Central  Basin  beneath  the  Silverado  aquifer  but  above  the  Pico 
formation  have  been  termed  the  "Sunnyside  aquifer"  after  a  typical  occur- 
rence illustrated  by  the  log  of  a  well  located  in  Sunnyside  Cemetery  in 
North  Long  Beach. 

The  Sunnywide  aquifer  extends  throughout  the  Central  Basin.   Its 
extent  and  elevation  of  its  base  are  shown  on  Plate  22,  "Lines  of  Equal 
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Elevation  on  the  Base  of  the  Sunnyside  Aquifer".  Recent  drilling  along 
the  coastal  region  from  Palos  Verdes  Hills  to  Ballona  Escarpment  has  revealed 
a  zone  of  coarse  deposits  approximately  500  feet  thick  occurring  beneath 
the  Silverado  aquifer,  but  separated  from  it  by  silts  and  clays.  These 
coarse  materials  are  similar  to  the  Sunnyside  aquifer  in  the  Central  Basin 
and  may  be  the  extension  of  the  Sunnyside  aquifer  in  the  West  Coast  Basin. 

The  materials  comprising  this  aquifer  are  coarse-grained  sands 
and  gravels  separated  by  fine-grained  interbeds  of  sandy  clay  and  clay. 
The  lithology  shown  on  a  typical  well  log  near  the  intersection  of  Del  Amo 
and  Cherry  Streets  is  compacted  blue  sand,  coarse  blue  gravel  (up  to  four 
inches  in  diameter),  hard  blue  sandy  clay,  and  clay.  Toward  the  Los  Angeles- 
Orange  County  line,  mushy  blue  sands  and  coarse  gravels  with  greater  amounts 
of  blue  clay  are  found.  At  Spring  Street  and  Bloomfield  Avenue,  well  logs 
indicated  that  instead  of  clay,  fine  blue  sand  with  minor  clay  streaks  was 
present.  Along  the  center  of  the  coastal  plain,  about  one  mile  north  of 
Manchester  and  near  Alameda  Avenue,  fine  to  medium  gravel  (one  quarter  to 
one  inch  in  diameter),  and  partly  cemented  blue  clay,  and  grey  to  brown 
shale  are  typical  materials.   In  Whittier  Narrows  hard  grey  sands  and  gravels, 
boulders,  and  blue  sandy  shale  are  present. 

From  drillers  descriptions  of  materials,  it  is  believed  that  the 
aquifer  is  of  marine  origin  and  has  been  affected  very  little  by  weathering. 
Many  well  logs  show  marine  shells  included  with  the  sediments  in  addition 
to  the  interbedded  marine-type  clays  and  shales. 

The  Sunnyside  aquifer  attains  its  maximum  known  thickness  of  about 
300  feet  about  one  to  one  and  a  half  miles  southeast  of  Maywood  in  the 
vicinity  of  Slauson  Avenue  and  the  Long  Beach  Freeway.  Plate  23,  "Lines 
of  Equal  Thickness  of  the  Sunnyside  Aquifer",  gives  the  thickness  of  the 
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Sunnyside  aquifer.  No  data  is  available  to  determine  thickness  in  the 
central  downfolded  area  because  none  of  the  water  wells  have  reached  the 
aquifer  in  this  area. 

It  is  not  definitely  known  whether  the  Sunnyside  aquifer  crops 
out  in  any  particular  location  within  the  Central  Basin;  however,  it  is 
assumed  that  some  of  the  outcrop  areas  shown  as  the  San  Pedro  formation 
on  Plate  3  include  the  Sunnyside  aquifer  also.  The  most  likely  areas  for 
this  to  occur  are  along  the  south  slope  of  the  Repetto,  Merced,  and  Puente 
Hills,  and  especially  on  the  top  of  the  Coyote  Hills. 

In  stratigraphic  position  the  Sunnyside  aquifer  is  overlain  by 
the  fine-grained  Timms  Point  silt  and  Lomita  marl  and  underlain  by  the 
Pico  formation.  It  may  be  correlated  in  age  with  the  unit  mapped  by  Hoskins 
(1954)  as  the  Coyote  silt,  the  Anchor  silt  of  Rodda  (1957),  and  the  La 
Habra  conglomerate  of  Eckis  (Calif.  D.W.R.,  1934). 

Structurally,  the  Sunnyside  aquifer  is  offset  by  most,  if  not 
all,  of  the  faults  within  the  Central  Basin.  Some  of  the  faults  appear 
to  act  as  boundaries  for  the  aquifer.  Northeast  of  the  Los  Alamitos  fault 
the  base  of  the  Sunnyside  aquifer  occurs  at  a  maximum  depth  of  about  1500 
feet  below  sea  level. 

The  Sunnyside  merges  with  the  Silverado  and  other  overlying 
aquifers  in  many  areas  delineated  on  Plate  22,  "Lines  of  Equal  Elevation 
on  the  Base  of  the  Sunnyside  Aquifer".  In  these  merged  areas  hydraulic 
continuity  is  possible  through  a  series  of  aquifers  to  the  surface.  The 
only  known  areas  where  this  aquifer  may  be  recharged  are  limited  to  out- 
crops of  the  San  Pedro  formation  and  merged  areas  where  folds  have  lifted 
the  Sunnyside  aquifer  near  the  surface  of  the  ground. 
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Yields  of  wells  perforated  in  this  aquifer  range  up  to  1500  gallons 
per  minute.  Specific  capacities  of  known  wells  using  only  this  aquifer  for 
production  are  only  fair,  ranging  from  6  to  25  gallons  per  minute  per  foot 
of  drawdown. 

Undifferentiated  Plio-Pleistocene  Sediments 

An  area  of  sediments  of  either  Pliocene  or  Pleistocene  age,  or 
possibly  both,  is  shown  on  Plate  3  in  the  Repetto  Hills  southeasterly  of 
Monterey  Park.  In  the  geologic  literature  these  sediments  have  been  classi- 
fied variously  as  both  Pliocene  and  Pleistocene.  Although  various  fossils 
are  present,  age  designation  based  upon  them  is  uncertain.  While  these 
sediments  are  somewhat  permeable  they  have  relatively  little  significance 
as  far  as  ground  water  in  the  coastal  plain  is  concerned;  therefore,  no 
attempt  was  made  to  determine  their  age. 

These  undifferentiated  sediments  consist  of  thin  bedded  to  massive 
silts,  sands,  and  gravels  that  are  locally  well  indurated  and  contain  limited 
marine  fossil  remains .  The  sediments  have  been  folded  and  many  minor  faults 
and  fractures  are  seen  in  outcrops. 

Although  these  sediments  are  considered  to  be  relatively  unimport- 
ant as  far  as  ground  water  is  concerned,  a  drainage  well  constructed  in 
1959  reportedly  yields  fair  quantities  of  good  quality  water.  Firm  con- 
clusions, however,  cannot  be  drawn  from  this  limited  experience. 

Tertiary  System 
Aquifers  have  not  been  differentiated  in  sediments  and  rocks  older 
than  Pleistocene  age  because  of  limited  well  log  data.  Few  wells  extend 
into  these  materials  and  little  ground  water  of  suitable  quality  is  extract- 
ed from  them.  Some  fresh  water  is  now  being  extracted  from  the  upper  member 
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of  the  Pico  formation,  discussed  first  in  this  section.  For  pre-Pleistocene 
materials  in  general,  the  sediments  and  rocks  are  described  by  formations 
or  broad  age  classification. 

Pliocene  Series 

The  Pliocene  series  is  divided  into  two  formations,  the  Pico 
formation  and  the  Repetto  formation.  In  addition,  the  Pico  formation  is 
divided  into  upper,  middle,  and  lower  divisions. 

Pico  Formation.  The  Pico  formation  is  shown,  where  it  outcrops  at 
the  surface,  on  Plate  3  by  the  symbol  "Pp".  The  upper  division  or  upper 
member  of  the  Pico  formation  is  a  potential  source  of  ground  water.  It  has 
not  been  exploited  to  date,  though  wells  along  Carson  Street  near  Lakewood 
do  obtain  water  from  upper  Pico  aquifers.  This  member  is  thickest  in  the 
synclinal  areas,  and  it  outcrops  on  the  hills  surrounding  the  coastal  plain. 

The  upper  Pico  formation  is  generally  composed  of  sand,  silt,  and 
clay  of  marine  origin  interbedded  with  marine  gravels.  Beds  of  gravels  and 
sands  range  in  thickness  from  20  to  100  feet  and  are  separated  by  beds  of 
micaceous  siltstone  and  clays. 

Unconformably  beneath  this  upper  member  are  the  middle  and  lower 
members  of  the  Pico  formation,  or  in  some  areas,  the  Repetto  formation. 
The  middle  and  lower  divisions  of  the  Pico  formation  are  differentiated 
from  upper  Pico  sediments  by  the  contained  foraminiferal  faunas.  Litho- 
logically,  the  middle  and  lower  divisions  are  composed  of  greenish-grey 
micaceous  siltstone  and  fine  to  coarse  light  grey  feldspathic  sandstone 
interbedded  with  claystone  and  shale.  The  thickness  of  these  lower  division 
materials  ranges  from  400  to  more  than  2,000  feet.  Throughout  most  of  the 
coastal  plain  these  rocks  t.re  far  below  the  depths  reached  by  the  deepest 
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water  wells.  Oil  well  data  indicate  that,  although  portions  of  these  sedi- 
ments may  be  sufficiently  permeable  to  transmit  water  in  usable  quantities, 
the  water  is  of  poor  quality  and  unsuitable  for  general  use. 

Repetto  Formation.  The  Repetto  formation,  of  early  Pliocene  age, 
is  exposed  in  several  areas  adjacent  to  the  coastal  plain.  The  outcrops  of 
this  formation  are  identified  by  the  symbol  "Pr"  on  Plate  3.  These  deposits 
are  composed  mostly  of  siltstone  with  layers  of  sandstone  and  conglomerate, 
containing  fragmental  marine  shells  locally.  The  Repetto  formation  is  about 
5,000  feet  in  thickness.  Wissler  (19^3)  states  that  the  maximum  thickness 
occurs  in  the  Montebello-Santa  Fe  Springs  area.  Conrey  (1958)  and  Slosson 
(1958)  confirm  this  and  discuss  the  distribution  and  thickness  of  the  Repetto 
rocks  in  some  detail. 

Miocene  Series 

Rocks  of  Miocene  age  are  shown  on  Plate  3  by  the  symbols  "Ms"  for 
sedimentary  rocks  and  "Mv"  for  volcanic  rocks.  Nomenclature  of  the  sediments 
of  Miocene  age  is  somewhat  complicated;  however,  the  relationship  between 
the  various  names  and  brief  descriptions  of  the  various  formations  are 
presented  in  Table  1. 

Sedimentary  Rocks .   Sedimentary  rocks  of  middle  and  late  Miocene 
age  have  been  called  the  Monterey  formation  in  the  Palos  Verdes  Hills,  the 
Modelo  formation  in  the  Santa  Monica  Mountains,  and  the  Puente  formation 
beneath  the  coastal  plain  and  in  the  Repetto  and  Puente  Hills.  These  forma- 
tions, up  to  11,000  feet  thick,  consist  predominantly  of  clay  shales  but 
siliceous  shales,  sandstones,  and  conglomerates  are  common. 
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The  Topanga  formation  is  of  middle  and  possibly  early  Miocene  age. 
It  is  interbedded  with  and  lies  below  the  Miocene  volcanic  rocks.  The  forma- 
tion attains  a  thickness  of  7>500  feet  and  consists  of  shale,  sandstone,  and 
conglomerate . 

No  wells  are  known  to  produce  fresh  water  from  these  formations  in 
the  immediate  area  of  the  coastal  plain.  However,  water  wells  in  other  parts 
of  Southern  California  do  obtain  limited  supplies  from  hard  fractured  shales 
and  poorly  consolidated  sandstones  and  conglomerates  of  these  formations. 

Volcanic  Rocks.  Calcic  andesite  flows,  tuffs,  and  breccias  underlie 
at  least  parts  of  the  coastal  plain,  and  usually  contain  interbedded  marine 
sand,  conglomerate,  and  shale.  Where  these  materials  outcrop  on  the  surface 
they  are  identified  by  the  symbol  "Mv"  on  Plate  3.  Available  data  indicate 
that  the  fractured  sills,  dikes,  and  flows,  along  with  interbedded  sand  and 
gravels,  yield  water  to  wells,  while  the  conglomerates  and  agglomerates  are 
relatively  nonwater-bearing . 

Older  Tertiary  Sedimentary  Rocks 

Rocks  of  Eocene  and  Oligocene  age  are  missing  beneath  West  Coast 
Basin,  though  they  may  underlie  the  Central  Basin.  Hoots  (1931)  gives  some 
evidence  for  the  presence  of  the  Sespe  and  Vaqueros  formations  of  01igocene(?) 
or  early  Miocene  age  in  the  Santa  Monica  Mountains.  Paleocene  rocks  crop 
out  in  the  Santa  Monica  Mountains  and  may  underlie  a  part  of  the  coastal 
plain.  Hoots  (1931)  termed  these  rocks  the  Martinez  formation.  Other  ex- 
posures of  Martinez  sandstone  and  conglomerate  were  found  in  the  Santa  Monica 
Mountains  by  Durrell  (1954)  and  others.  Outcrops  of  Eocene  and  Oligocene 
rocks  are  shown  on  Plate  3  by  the  symbols  "E"  and  "0",  respectively,  while 
outcrops  of  Paleocene  rocks  are  marked  by  the  symbol  "E-K" . 
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Cretaceous  System 

A  sequence  of  Upper  Cretaceous  sediments  within  the  Santa  Monica 
Mountains  are  differentiated  and  have  been  called  the  Chico  formation  by 
Hoots  (1931).  Durrell  (195*0  however,  appears  to  have  divided  the  same 
sequence  into  the  Chico  and  Trabuco  formations.  The  symbol  "Ks"  represents 
the  areas  of  outcrops  of  these  rocks  on  Plate  3 • 

Quartz  dioritic  intrusive  rocks,  shown  by  the  symbol  "K  "  on 

O 

Plate  3  have  previously  been  assumed  to  be  Jurassic  by  comparison  with 
similar  rocks  in  the  Sierra  Nevada  (Durrell,  195*0  •  On  the  basis  of  dating 
by  lead-alpha  activity  ratios  of  intrusive  rocks  in  Southern  California, 
Larsen,  et  al  (1958)  suggests  that  these  rocks  are  of  an  early  Late  Cretaceous 
age  rather  than  Jurassic. 

Jurassic  System 
Rocks,  called  the  Catalina  schist,  crop  out  on  the  Palos  Verdes 
Hills  and  are  identified  on  Plate  3  by  the  symbol  "J".  These  have  been 
also  referred  to  as  the  Western  bedrock  complex  because  they  underlie  Miocene 
rocks  of  the  West  Coast  Basin.  The  age  of  these  schistose  rocks  is  question- 
able and,  according  to  Woodford,  et  al  (195*0,  may  be  either  Mesozoic  (when 
compared  to  the  Jurassic  Franciscan  formation  of  the  coast  ranges)  or 
Precambrian  (when  compared  with  the  Pelona  schist  of  the  San  Gabriel 
Mountains).  In  this  report  they  are  mapped  as  Jurassic. 

Triassic  System 
Metamorphosed  black  shale  and  sandstone  crops  out  in  the  Santa 
Monica  Mountains  and  have  been  called  the  Santa  Monica  slate  (Hoots,  1931) 
and  the  Santa  Monica  formation  (Durrell,  195*0-  Intrusion  of  these  rocks 
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by  the  quartz  dioritic  magma  was  responsible  for  changing  these  rocks  into 
grey  to  black  slates,  mica  schists,  and  spotted  slates.  These  rocks  are 
dated  as  Triassic  by  comparison  with  similar  rocks  of  Triassic  age  in  the 
Santa  Ana  Mountains.  In  the  coastal  plain,  these  are  presumably  the  oldest 
rocks  known,  although  the  Cataline  schist  mentioned  under  the  Jurassic 
System  may  possibly  be  older.  These  Triassic  rocks  are  identified  on 


Plate  3  by  the  symbol  "TF  " 
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CHAPTER  V.   GEOLOGIC  STRUCTURE 
Geologic  structural  features  within  the  Coastal  Plain  of 
Los  Angeles  County  have  a  pronounced  effect  upon  ground  water  movement 
and  storage.   Faulting  offsets  aquifers,  creates  zones  of  cementation 
and  low  permeability,  and  generally  disrupts  the  flow  of  subsurface 
waters.  Folding  and  faulting  raise  aquifers  either  to  or  near  the  land 
surface,  thereby  enhancing  the  possibility  of  recharge.   In  some  instances, 
uplifted  fault  blocks  and  folds  are  deterrents  to  ground  water  movement 
where  structural  highs  of  bedrock  disrupt  or  change  the  course  of  ground 
water  movement.   Locally,  aquifers  are  partially  or  entirely  eroded  away 
across  these  features,  or  are  being  dewatered  because  of  the  lowering  of 
ground  water  levels.  Elsewhere,  ground  water  reservoirs  are  formed  in 
structural  lows  created  by  faulting  and  synclinal  folding  of  aquifers. 

The  tectonic  forces  which  produced  the  structural  deformation 
within  and  adjacent  to  the  coastal  plain  were  continuous  throughout 
Tertiary  time  and  possibly  Quaternary  time.   This  deformation,  however, 
was  most  severe  during  mid-Miocene,  Pliocene,  and  Pleistocene  time. 
Sediments  of  Recent  age  have  not  been  seriously  disturbed,  even  though 
earth  movements  have  been  recorded  during  historic  time. 

Descriptions  of  individual  geologic  structures  presented  in 
this  chapter  are  of  necessity  brief.  Emphasis  is  given  to  those 
structures  which  influence  ground  water  movement.  Heretofore 
unrecognized  or  unpublished  subsurface  structural  features  have  been 
noted  during  the  course  of  this  investigation.  Most  of  these  features 
are  not  evident  from  surface  topography  even  though  some  of  them  affect 
relatively  shallow  sediments. 
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The  structural  characteristics  of  Pleistocene  and  Recent 
aquifers  were  determined  by  constructing  geologic  cross  sections  and  maps 
showing  lines  of  equal  elevation  on  the  bases  of  aquifers.  Available 
geologic  maps  and  subsurface  maps  Qf  oil  field  structures  were  used  to 
help  determine  the  structural  patterns  of  the  various  aquifers  and 
underlying  Tertiary  formations.   The  locations  of  faults  and  fold  axes  in 
these  Tertiary  formations,  however,  do  not  necessarily  coincide  with  loca- 
tions of  similar  structures  in  the  Pleistocene  sediments. 

Those  structures  which  have  a  surface  expression  or  which 
affect  water-bearing  sediments  are  included  in  the  areal  geology  shown 
on  Plate  3- 

Regional  Features 

Geologic  structures  within  and  bordering  the  coastal  plain  are 
generally  aligned  along  regional  uplifts  and  depressions.  For  descriptive 
purposes,  these  are  herein  grouped  into  tne  "Mountain  and  Foothill  structures", 
"Transitional  structures",  the  "South  Gate-Santa  Ana  depression",  the 
"Newport -Inglewood  uplift",  the  "Hawthorne -Long  Beach  depression",  and 
"Offshore  structures".  These  structural  systems  are  reasonably  distinct, 
but  where  systems  join,  local  structural  features  may  be  common  to  each  of  the 
systems . 

The  coastal  plain  is  bordered  to  the  north,  northeast,  and 
southwest  by  mountains  and  hills  which  have  been  uplifted  by  folding  and 
faulting.  The  hills  bordering  the  northeast  margins  of  the  coastal  plain 
are  flanked  to  the  south  by  the  Transitional  structures  consisting  of  par- 
tially buried  anticlines  and  synclines.  The  Transitional  structures  do  not 
constitute  one  structural  system  but  are  grouped- together  because  of  their 
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relative  positions.  The  South  Gate-Santa  Ana  depression,  a  general  north- 
west trending  synclinal  depression,  underlies  the  Downey  Plain  and  extends 
from  the  La  Brea  Plain  to  beyond  the  investigational  area  into  Orange 
County.  The  South  Gate-Santa  Ana  depression  is  bordered  on  the  northeast 
by  transitional  structures  and  on  the  southwest  by  the  Newport -Inglewood 
uplift,  a  system  of  echelon  faults  and  anticlinal  folds.  In  Los  Angeles 
County,  the  Newport -Inglewood  uplift  is  bordered  on  the  southwest  by  the 
Hawthorne -Long  Beach  depression,  a  synclinal  depression,  which  underlies 
the  Torrance  Plain  and  extends  northwest  from  the  City  of  Long  Beach  toward 
the  Santa  Monica  Mountains.   On  the  west  side  of  the  Hawthorne -Long  Beach 
depression,  beneath  the  El  Segundo  Sand  Hills,  water-bearing  sediments  of 
Pleistocene  age  rise  gently  as  a  homocline  toward  Santa  Monica  Bay.  The 
Offshore  structures  affect  the  water-bearing  sediments  extending  beneath 
the  Santa  Monica  and  San  Pedro  Bays. 

Mountain  and  Foothill  Structures 
The  northern  and  eastern  margins  of  the  coastal  plain  are 
bordered  by  the  Santa  Monica  Mountains  and  the  Elysian, Repetto,  Merced, 
and  Puente  Hills.  The  Palos  Verdes  Hills  border  the  plain  to  the  southwest. 
These  highlands  are  almost  entirely  composed  of  rocks  of  pre -Tertiary  and 
Tertiary  age  and  are  essentially  nonwater-bearing .   Therefore,  only  brief 
mention  of  the  structural  nature  of  each  of  these  areas  will  be  made. 
Detailed  description  of  geologic  structures  within  these  highlands  may  be 
found  in  many  of  the  references  listed  in  the  Bibliography.   Between  the 
Merced  and  Puente  Hills  is  the  Whittier  Narrows,  an  erosional  gap.  Since 
it  is  closely  associated  with  the  highlands  and  is  the  location  of  the 


-87- 


major  subsurface  flow  to  the  ground  water  basins  of  the  Coastal  Plain  of 
Los  Angeles  County,  the  structures  within  it  are  described  in  detail  in 
this  section. 

Santa  Monica  Mountains 

The  Santa  Monica  Mountains  (Plate  2)  are  essentially  a  westerly 
plunging,  asymetric  anticline  that  has  had  a  complex  history  of  development. 
The  anticline  has  been  faulted,  deformed  by  secondary  folding,  and  further 
complicated  by  igneous  intrusion.   Important  periods  of  deformation  are 
recorded  by  several  major  unconformities  between  various  formations  of 
Cretaceous  and  Tertiary  age.  The  Hollywood  fault  extends  along  the 
southern  edge  of  the  Santa  Monica  Mountains  and  at  depth  serves  as  the 
northerly  edge  of  the  Hollywood  Basin,  one  of  the  ground  water  basins 
included  in  the  coastal  plain.  The  fault  is  buried  by  sediments  of 
Pleistocene  and  Recent  age. 

Elysian  Hills 

Principal  structures  in  the  Elysian  Hills  include  the  Elysian 
Park  anticline  and  secondary  folding  and  faulting  which  deform  its  southern 
flank.  The  Elysian  Park  anticline  extends  southeast  across  the  Los  Angeles 
Narrows  and  through  the  Repetto  Hills.  In  the  Los  Angeles  Narrows,  the 
structure  has  been  cut  by  erosion  and  Miocene  and  Pliocene  sediments  are 
unconformably  overlain  by  sediments  of  late  Pleistocene  and  Recent  age. 

Repetto  and  Merced  Hills 

The  Repetto  and  Merced  Hills  are  essentially  continuous  but  are 
structurally  separated  by  a  westerly  trending  syncline.  In  both  uplift  areas, 
angular  unconformities  locally  exist  between  Tertiary  sediments  and  the 
San  Pedro  formation,  and  between  the  San  Pedro  and  Lakewood  formations. 
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North  of  the  San  Bernardino  Freeway,  the  Repetto  Hills  are  formed 
into  three  nearly  parallel  fold  systems  which  trend  slightly  north  of  west. 
These  consist  of  a  syncline  which  separates  the  Highland  Park-South  Pasadena 
anticlinal  system  on  the  north  from  the  Elysian  Park  anticline  on  the 
south.  The  Elysian  Park  anticline  is  flanked  on  the  south  by  another  syncline 
and  then  the  Boston  Heights  anticline. 

South  of  the  San  Bernardino  Freeway,  the  Repetto  Hills  are  a 
westerly  trending,  southerly  dipping  homocline  that  is  cut  by  the  Coyote 
Pass  fault  west  of  Atlantic  Boulevard.  The  Coyote  Pass  fault  extends 
westerly  along  the  south  flank  of  the  hills,  and  brings  sediments  of 
Pliocene  age  into  fault  contact  with  those  of  Pleistocene  age. 

The  Merced  Hills  are  a  westerly  trending,  structural  high  developed 
by  faulting  and  anticlinal  folding.  Major  structures  include  the  North 
Montebello  thrust  fault  and  the  Montebello  anticline.  These  structures  are 
exposed  at  the  surface  and  are  developed  in  sediments  of  Pliocene  and 
Pleistocene  age.   The  anticlinal  structures  containing  the  East  and  West 
Montebello  oil  fields  are  developed  at  depth  in  sediments  of  Tertiary  age, 
and  are  not  reflected  in  water-bearing  sediments  of  Pleistocene  and  Recent 
age. 

Whittier  Narrows  Area 

The  Whittier  Narrows  area  is  not  itself  an  uplift,  but  is  a 
structurally  controlled  erosional  gap  located  between  and  structurally 
related  to  the  adjacent  Merced  and  Puente  Hills.  Beneath  the  Whittier 
Narrows,  the  sediments  of  the  San  Pedro  formation,  and  possibly  the  Pico 
formation,  are  folded  into  a  northeast  trending,  synclinal  depression. 
Southwest  of  the  Whittier  Narrows  Dam,  the  subsurface  structure  is  further 
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complicated  by  both  block  faulting  and  transverse  folding.  Sediments  of 
the  Lakewood  formation  unconformably  overlie  the  syncline  and  are  only 
slightly  deformed  (Section  P-P',  Plate  6g). 

The  synclinal  structure  underlying  the  Whittier  Narrows  separates 
the  anticlinal  form  of  the  Merced  Hills  on  the  west  from  the  essentially 
anticlinal  structure  of  the  Puente  Hills  on  the  east.  These  anticlinal 
structures  have  been  cut  through  by  erosion,  and  are  locally  interrupted 
by  faulting.  The  Montebello  anticline  plunges  east  into  the  Whittier 
Narrows  and  is  reflected  in  sediments  of  the  San  Pedro  formation.  The 
anticlinal  structure  of  the  Puente  Hills,  in  its  western  extremity,  is  cut 
by  the  Cemetery  fault,  as  hereafter  presented. 

The  structure  of  that  portion  of  Whittier  Narrows  lying  directly 
southwest  of  the  Whittier  Narrows  Dam  is  exceedingly  complex,  and  the  availa- 
ble data  may  be  interpreted  to  derive  two  differing  patterns  of  subsurface 
structure.  One  explanation  of  a  portion  of  the  data  would  picture  sharp  fold- 
ing of  the  sediment  parallel  to  the  northeast-southwest  trending  synclinal 
axis,  possibly  coupled  with  the  extension  of  the  Whittier  fault  through 
Whittier  Narrows  perpendicular  to  the  synclinal  axis.  After  careful  analysis, 
however,  this  theory  was  held  to  be  inadequate  in  explaining  all  data. 

This  report  therefore  presents  the  subsurface  structure  of 
Whittier  Narrows  as  being  governed  by  three  faults  generally  parallel  to  the 
axis  of  the  syncline.  The  following  discussion  of  the  structural  system  in 
the  Whittier  Narrows  is  based  on  the  presence  of  these  assumed  faults. 
These  faults  have  been  named,  from  east  to  west,  the  Cemetery,  Pico,  and 
Rio  Hondo  faults,  and  they  divide  the  area  into  two  fault  blocks  that  are 
tilted  to  the  west.   (Plates  3>  6A,  and  6g).  The  available  evidence  also 
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indicates  that  within  the  Whittier  Narrows,  water-bearing  sediments  of 
Pleistocene  and  Recent  ages  are  not  offset  by  the  Whittier  fault.  Vertical 
offsetting  along  the  three  parallel  faults  occurs  primarily  in  the  uppermost 
Pico  and  San  Pedro  formations;  local  displacement  of  the  Lakewood  formation 
occurs  along  the  southern  extent  of  the  Rio  Hondo  fault  (Section  A-A'-A", 
Plate  6a).  Sediments  of  Recent  age  are  not  disturbed  by  these  faults.  Con- 
siderable merging  of  aquifers  occurs  throughout  the  narrows  and  is  related 
to  displacement  along  faults  and  to  unconformities  among  aquifers  of 
Pleistocene  and  Recent  ages.  The  pattern  of  the  aquifers  and  their  relation- 
ship to  the  fault  system  in  this  area  are  shown  pictorially  in  the  cut-away 
diagram  on  Plate  J. 

The  Rio  Hondo  fault  is  about  four  miles  long  and  generally  follows 
the  east  side  of  the  Rio  Hondo.  West  of  the  fault,  aquifers  of  the  San  Pedro 
formation  are  raised  close  to  the  surface  and  are  unconformably  overlain  by 
the  Gardena  and  Gaspur  aquifers  (Section  A-A'-A",  Plate  6a). 

The  Pico  fault,  which  can  be  traced  for  about  three  miles,  is 
located  about  one  mile  east  of,  and  essentially  parallel  to,  the  Rio  Hondo 
fault.   The  fault  block  west  of  the  Pico  fault  has  been  raised  relative  to 
that  of  the  east  side.   The  vertical  displacement  of  the  San  Pedro  formation 
brings  different  aquifers  into  hydraulic  continuity  with  each  other  across 
the  structure,  as  illustrated  on  Section  A-A'-A",  Plate  bA. 

The  Cemetery  fault  extends  for  about  two  miles  along  the  east  mar- 
gin of  the  Whittier  Narrows,  and  apparently  displaces  the  west  extent  of  the 
Puente  Hills.  The  fault  block  west  of  the  fault  is  downthrown  relative  to 
the  east  side.   Available  evidence  suggests  that  the  Cemetery  fault  terminates 
at  the  Whittier  fault,  and  is  possibly  related  to  this  major  shear  zone. 
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Two  complexly  folded  and  tilted  fault  blocks  are  developed  between 
the  Rio  Hondo,  Pico  and  Cemetery  faults.  The  western  block  is  downthrown  on 
the  Rio  Hondo  fault,  and  upthrown  on  the  Pico  fault.  Within  this  fault  block, 
sediments  of  the  upper  Pico  and  San  Pedro  formations  are  folded  into  an  anti- 
cline, which  trends  northeast  and  crests  adjacent  to  the  Pico  fault.  This 
high  disrupts  the  synclinal  depression  in  its  southwest  extremity,  as  shown 
by  contours  drawn  on  the  base  of  the  Sunnyside  aquifer  (Plate  22).  The 
Gardena  aquifer  unconformably  overlies  the  anticline  and  the  truncated 
aquifers  of  the  San  Pedro  formation.   (Section  P-P',  Plate  6g). 

The  eastern  fault  block  is  downthrown  between  the  Pico  and  Cemetery 
faults.  Within  this  block,  the  San  Pedro  formation  is  gently  folded  as  shown 
on  Section  N-N'-N",  Plate  6F,  and  by  contours  drawn  on  the  base  of  the  Sunny- 
side,  Silverado  and  Lynwood  aquifers  (Plates  22,  20,  and  18).  Sediments  of  the 
Lakewood  formation  unconformably  overlie  these  gentle  folds,  and  the  Gardena 
Aquifer  merges  with  the  Jefferson  aquifer  locally  across  these  flexures. 

Puente  Hills  and  Whittier  Fault  Zone 

The  Puente  Hills  are  essentially  a  west  trending  anticline  that  is 
complicated  by  secondary  folding  and  faulting.  The  predominant  structural 
feature  of  the  Puente  Hills  is  the  Whittier  fault  or  fault  zone.  This  major 
structure  trends  southeast  along  the  south  flanks  of  the  Puente  Hills  and  ex- 
tends from  the  vicinity  of  the  Whittier  Narrows  into  Orange  County.  Northeast 
of  the  City  of  Whittier,  the  principal  fault  separates  into  a  complex  of 
smaller  breaks  and  probably  diminishes  as  it  approaches  the  Whittier  Narrows. 
Available  oil  well  data  indicate  that  it  is  a  high  angle  reverse  fault,  with 
the  north  side  rising  over  the  south  side  at  an  angle  of  approximately  70 
degrees.  Offset  drainage  of  La  Mirada  Creek  and  Turnbull  and  Brea  Canyons 
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in  Orange  County  suggest  that  right  lateral  displacement  has  occurred  along  the 
fault  in  relatively  late  geologic  time,  the  southwest  side  having  moved 
several  thousand  feet  northwest  relative  to  the  northeast  side. 

The  Puente  Hills  have  been  uplifted  by  vertical  displacement  along 
the  Whittier  fault  and  by  normal  faulting  along  the  Workman  Hill,  Handorf  and 
Rowland  fault  systems.   The  hills  are  further  characterized  structurally  by 
minor  faults,  unconformities,  and  tight  and  overturned  folds  in  sediments  of 
Miocene,  Pliocene  and  Pleistocene  age.   South  of  the  Whittier  fault  zone,  an 
angular  unconformity  exists  between  Pico  and  overlying  San  Pedro  sediments,  but 
both  formations  have  a  general  southerly  homoclinal  dip  into  the  La  Habra  syncline, 

Palos  Verdes  Hills 

The  Palos  Verdes  Hills  are  an  uplifted  fault  block  composed  of 
Catalina  schist  basement  and  marine  sediments  of  Tertiary  and  Quaternary  age 
that  have  been  folded  into  a  general  anticlinal  form.  This  general  anticlinal 
high  extends  through  the  central  portion  of  the  hills  and  may  extend  beneath 
alluvial  cover  into  the  San  Pedro  area;  it  may  also  continue  as  a  subsea 
structure  beneath  the  San  Pedro  Shelf  (Moore,  1951). 

A  fault  which  extends  in  a  northwest  direction  along  the  northern 
boundary  of  the  hills  has  been  termed  the  "Palos  Verdes  Fault  Zone"  by  Woodford, 
et  al  (195M •   This  break,  although  only  partially  reflected  at  the  surface  by 
minor  faults  and  steep  northeast  dipping  sediments  of  Miocene,  Pliocene  and 
Pleistocene  age,  offsets  Catalina  schist  basement  at  depth.   Test  drilling  by 
the  Los  Angeles  County  Flood  Control  District  has  verified  the  continuity  of 
this  fault  zone  out  into  the  Pacific  Ocean  near  Redondo  Beach. 

The  Gaffey  anticline  and  the  Gaffey  syncline  extend  northwest  along 
the  northeastern  portion  of  the  Palos  Verdes  Hills .   These  folds  plunge 
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southeast  and  apparently  extend  beneath  Recent  axluvium  east  of  the  hills 
and  into  San  Pedro  Harbor  where  they  may  affect  ground  water  movement. 

Transitional  Structures 

Transitional  structures  are  those  structural  features  that  lie 
along  the  generally  south-dipping  homoclinal  flanks  of  those  mountain  and 
foothill  structures  to  the  north  and  east  of  the  coastal  plain.  They  are 
also  north  and  northeast  of  the  South  Gate -Santa  Ana  depression.  A  few  of 
these  structures  have  topographic  expression;  the  remainder  are  buried 
beneath  upper  Pleistocene  and  Recent  sediments.  These  structures,  like 
most  on  the  coastal  plain,  are  generally  best  developed  in  Miocene  and 
Pliocene  formations,  and  for  the  most  part  have  been  determined  from  sub- 
surface oil  exploration  studies. 

From  northwest  to  southeast,  the  Transitional  structures  include 
the  Hollywood  syncline,  La  Brea  high,  Boyle  Heights  anticline,  Bandini  anti- 
cline, East  Los  Angeles  anticline,  the  Santa  Fe  springs -Coyote  Hills  uplift, 
and  La  Habra  syncline.  Since  the  Bandini  and  East  Los  Angeles  anticlines 
are  developed  at  depth  and  do  not  appear  to  affect  the  overlying  water- 
bearing sediments,  they  are  not  included  in  the  following  discussions  of  the 
other  Transitional  structures. 

Hollywood  Syncline 

The  Hollywood  syncline  is  a  downwarped  area  between  the  Santa 
Monica  Mountains  to  the  north  and  the  La  Brea  Plain  to  the  south.  The 
syncline  plunges  to  the  southwest  where  it  may  be  displaced  by  the  Inglewood 
fault.  Northeast  of  Western  Avenue  the  flexure  becomes  ill  defined  and 
is  apparently  broken  up  by  up faulted  blocks  of  Tertiary  bedrock.  The 
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location  of  the  synclinal  axis,  as  shown  "by  the  areal  geology  on  Plate  3A 
is  inferred  from  available  subsurface  data. 

Ground  water  moves  south  and  west  from  the  syncline.  The  Santa 
Monica  Mountains  and  the  Hollywood  fault,  which  truncate  the  syncline' s 
northern  flank,  are  complete  barriers  to  ground  water  movement  to  the  north 
and  east.  To  the  south  and  southeast,  ground  water  movement  is  impeded  by 
the  La  Brea  high. 

La  Brea  High 

The  La  Brea  Plain  is  closely  underlain  by  a  structural  high 
developed  in  sediments  of  Tertiary  age  and  unconformably  overlain  by  100 
to  200  feet  of  the  Lakewood  formation.   The  structural  nature  of  the  high 
is  known  in  part.  The  northwestern  portion  of  the  high,  which  contains  the 
Salt  Lake  oil  field,  includes  a  northwest  plunging  anticline,  a  northwest 
plunging  syncline,  and  a  southwest  plunging  anticline,  all  in  Miocene  rocks. 
South  of  these  folds  the  structural  configuration  of  bedrock  is  largely 
unknown.  The  south  dipping  monocline  of  Tertiary  sediments  in  the  Los 
Angeles  oil  field  may  extend  west  beneath  the  southern  portion  of  the  La 
Brea  Plain  and  could  be  the  upper  expression  of  the  east-west  trending  Santa 
Monica  fault  system  described  by  Barbat  (1958). 

The  crest  of  the  La  Brea  high  is  located  about  one  mile  south  of, 
and  generally  parallel  to,  Santa  Monica  Boulevard  from  Western  Avenue  to 
near  the  Inglewood  fault.  This  feature  plunges  steeply  in  its  western 
extremity,  and  the  San  Pedro  formation  is  continuous  from  the  south  into 
the  Hollywood  syncline  around  the  warped  slope  thus  formed.  Across  the  crest 
of  the  high,  sediments  of  the  San  Pedro  formation  have  been  removed  by 
erosion.  Ground  water  movement  from  the  Hollywood  syncline  south  across 
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the  La  Brea  high  is  therefore  limited  to  aquifers  of  the  Lakewood  formation, 
and  to  the  San  Pedro  formation  around  the  western  nose  of  the  La  Brea  high. 

Boyle  Heights  Anticline 

The  Boyle  Heights  anticline  contains  the  Boyle  Heights  oil  field. 
This  structure,  developed  in  sediments  of  Miocene,  Pliocene  and  Pleistocene 
age,  is  essentially  a  minor  anticlinal  flexure  on  the  south  dipping  homo- 
clinal  flank  of  the  western  Repetto  Hills.   The  anticlinal  axis  trends 
southeast:  the  crest  approximately  underlies  the  intersection  of  Uth  and 
Soto  Streets.   Ihe  fold  is  asymetric  with  the  north  flank  dipping  more  gently 
than  the  south  flank .   Well  logs  show  that  the  San  Pedro  formation  has  been 
eroded  from  the  crest  of  the  anticline.   The  Lakewood  formation,  here  approxi- 
mately 250  feet  thick,  unconformably  overlies  the  Repetto  formation  at  the 
crest  and  the  San  Pedro  formation  along  the  southern  flanks  of  the  anticline. 
Ground  water  movement  across  the  structure  is  restricted  due  to  anticlinal 
folding,  thinning  of  water-bearing  section  over  the  crest  and  the  nonwater- 
bearing  core  of  the  Repetto  formation. 

Santa  Fe  Springs-Coyote  Hills  Uplift 

The  surface  of  the  Santa  Fe  Springs  Plain  and  the  Coyote  Hills 
reflects  a  structural  high  which  trends  northwest  from  the  Coyote  Hills  in 
Orange  County  and  is  primarily  developed  in  underlying  formations  of  Miocene 
and  Pliocene  age.   In  these  sediments,  the  uplift  consists  of  anticlinal 
folds  which  contain  the  Santa  Fe  Springs,  Leffingwell,  and  West  Coyote  oil 
fields.   'The  San  Pedro  and  Lakewood  formations  are  similarly  folded  across 
the  uplift,  and  the  folds  developed  in  these  sediments  generally  correspond 
to  the  underlying  structures. 
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Santa  Fe  Springs  Anticline.   The  Santa  Fe  Springs  oil  field  is 
contained  in  an  elongated  anticlinal  dome  which  trends  northwest  and  under- 
lies the  Santa  Fe  Springs  Plain.   The  fold  is  symmetrical  and  has  gently- 
dipping  flanks.   Hie  San  Pedro  and  Lakewood  formations  are  folded  over  the 
structure  and  have  a  minimum  combined  thickness  of  'JOO   feet  above  the  dome. 
Contours  depicting  the  base  of  Pleistocene  aquifers  show  that  in  the  San 
Pedro  and  Lakewood  formations  the  fold  crest  is  located  slightly  north  of 
the  axis  as  defined  by  the  Pliocene  beds  of  the  oil  reservoir.   Contours 
depicting  the  base  of  fresh-water  materials  correspond  to  the  structural 
high  and  indicate  that  in  this  area  the  uppermost  Pico  sediments  contain 
fresh  water. 

While  some  of  the  shallow  aquifers  thin  out  in  the  area  of  the 
Santa  Fe  Springs  anticline,  it  does  not  otherwise  affect  movement  of  ground 
water. 

Leffingwell  Anticline.   'The  Leffingwell  oil  field  is  located 
approximately  two  miles  east  of  the  Santa  Fe  Springs  oil  field  and  is  con- 
tained in  a  faulted,  eastward  piunging,  anticlinal  nose  developed  in 
sediments  of  Tertiary  age.   The  anticline  is  offset  in  its  central  portion 
by  two  northern  trending  faults  which  are  not  definable  above  sediments  of 
Miocene  age.   Contours  of  the  base  of  the  Silverado  aquifer  (Plate  20) 
reflect  the  underlying  high,  but  no  effect  on  the  movement  of  ground  water 
is  known. 

West  Coyote  Anticline .   The  West  Coyote  anticline,  an  elongated 
dome,  contains  the  West  Coyote  oil  field  and  is  defined  in  the  outcropping 
San  Pedro  formation  within  that  portion  of  the  Coyote  Hills  immediately  east 


-97- 


of  the  Los  Angeles -Orange  County  line.  The  anticline  trends  east-west  and 
is  complicated  by  faulting  in  the  central  and  western  portion  and  by  secondary 
folding.  Dips  on  the  south  flank  are  steeper  than  on  the  north  flan 
Contours  of  the  base  of  lower  Pleistocene  aquifers  show  that  the  anticline 
plunges  west  into  Los  Angeles  County.  The  coarse  gravels  exposed  at  the 
surface  and  across  the  crest  are  believed  to  be  the  Sunnyside  aquifer.  The 
uplifted,  relatively  impermeable  upper  Pico  formation  acts  as  a  barrier  to 
the  movement  of  ground  water  across  the  anticline. 

La  Habra  Syncline 

This  syncline  is  located  between  the  Puente  Hills  on  the  north 
and  Santa  Fe  Springs -Coyote  Hills  uplift  on  the  south.  The  axis  of  the 
syncline  trends  slightly  north  of  west  and  its  location  (Plate  3)  is 
inferred  from  available  subsurface  data.  Water-bearing  materials  extend  up 
both  limbs  of  the  syncline  and  outcrop  in  the  Puente  Hills  and  the  Coyote 
Hills.  The  syncline  is  closed  at  the  eastern  end  by  the  northeast  trending 
East  Coyote  anticline.  Available  data  suggests  that  a  saddle  exists  at 
the  western  end  of  the  structure  where  it  disappears  into  the  Whittier 
Narrows  area. 

South  Gate -Santa  Ana  Depression 
The  South  Gate-Santa  Ana  depression  is  the  generally  downwarped 
area  which  underlies  the  Downey  Plain.  The  depression  trends  northwest 
between  the  Baldwin  Hills  and  the  La  Brea  Plain  and  extends  beyond  the 
investigational  area  into  Orange  County.  The  Newport -Inglewood  uplift 
borders  the  depression  on  the  southwest  in  Los  Angeles  County.  The  La 
Brea  Plain,  Elysian  Hills,  Montebello  Plain,  Santa  Fe  Springs,  Coyote  Hills, 
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and  Santa  Ana  Mountains  border  the  depression  to  the  northeast.  Minor 
anticlinal  folds  or  warps  lie  along  the  limbs  of  this  synclinal  depression. 

As  shown  on  the  geologic  cross  sections,  sediments  of  lower 
Pleistocene  age  have  been  folded  to  a  greater  extent  than  upper  Pleistocene 
and  Recent  materials .   The  trough  in  older  sediments  lies  in  the  central 
portion  of  the  plain,  about  one  mile  southwest  of  Huntington  Park.   In  upper 
Pleistocene  sediments  it  lies  west  of  the  central  portion  of  the  Downey 
Plain  in  the  vicinity  of  Carson  Street  and  Palo  Verde  Avenue.   Recent  allu- 
vium is  generally  flat  lying,  although  slight  local  folding  occurs  in  the 
Whittier  Narrows.   The  major  structural  features  in  the  South  Gate-Santa  Ana 
depression  are  the  Paramount  Syncline  and  Los  Alamitos  fault,  and  the  Norwalk 
Sync line . 

Paramount  Syncline  and  Los  Alamitos  Fault 

The  principal  axis  of  the  depression,  determined  from  aquifers  of 
the  San  Pedro  formation,  is  named  the  Paramount  syncline.  This  structure 
underlies  the  City  of  Paramount  and  extends  northwesterly  to  the  Inglewood 
fault.   South  of  Huntington  Park  the  trend  of  the  synclinal  axis  changes 
from  northwest  to  slightly  north  of  west,  as  shown  on  Plate  3- 

Southeast  of  the  City  of  Paramount  an  extension  of  the  axis  of  the 
Paramount  syncline  coincides  with  the  Los  Alamitos  fault.  This  fault  trends 
southeasterly  from  one  mile  north  of  the  City  of  Lakewood  and  extends  about 
six  and  one -half  miles  to  the  southwest  limits  of  the  Los  Alamitos  Naval 
Reservation.  Apparent  movement  along  the  fault  appears  to  have  been  vertical 
with  the  aquifers  to  the  east  of  the  fault  having  moved  down  relative  to 
those  of  the  west.  Aquifers  of  late  Pleistocene  and  Recent  age  apparently 
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have  not  been  displaced.  Merging  of  differing  aquifers  occurs  across  the 
fault  because  of  their  vertical  displacement.   Water  quality  and  water  well 
logs  on  either  side  of  the  structure  indicate  that  movement  of  ground  water 
across  the  fault  is  only  slightly  affected. 

The  manner  in  which  the  Los  Alamitos  fault  continues  on  as  an 
apparent  extension  of  the  Paramount  syncline  suggests  that  the  displacement 
of  aquifers  in  this  area  might  be  a  result  of  folding  of  the  sediments  rather 
than  the  postulated  faulting.   However,  the  available  data  are  primarily 
derived  from  water  well  drillers  logs  and  water  quality  data,  indicate  the 
presence  of  a  fault,  possibly  the  same  fault  believed  by  some  petroleum 
geologists  to  exist  in  this  area  in  the  older  sediment  underlying  the  San 
Pedro  formation.   Subsequent  drilling  may  resolve  the  question  as  to  whether 
this  feature  is  actually  a  fold  or  a  fault. 

Norwalk  Syncline 

The  Norwalk  syncline  is  located  south  of  the  Coyote  Hills  and  extends 
southeast  from  the  City  of  Norwalk  into  Orange  County.  As  shown  by  contours 
depicting  the  base  of  the  Silverado  aquifer  (Plate  20A),  the  syncline  plunges 
northwesterly  toward  the  City  of  Norwalk. 

Newport- Inglewood  Uplift 
The  Newport-Inglewood  uplift  is  an  important  regional  structure 
extending  from  Newport  Mesa  in  Orange  County  northwesterly  approximately  40 
miles  to  its  terminus  in  Beverly  Hills.  At  depth,  the  uplift  is  considered 
a  complex  fault  system  that  serves  as  the  boundary  between  Catalina  schist 
basement  to  the  west  and  granitic  basement  to  the  east.  At  the  surface  it 
is  characterized  by  a  series  of  echelon  faults  and  anticlinal  folds  and  domes 
which  underlie  the  Beverly,  Baldwin,  Rosecrans,  Dominguez,  Signal,  Bixby 
Ranch  and  Landing  Hills  (Plate  2).  Formations  on  both  flanks  of  the  uplift 
dip  away  from  the  axis.  The  anticlines  are  characteristically  closed  at 

-100- 


both  ends  and  are  separated  by  structural  saddles.  The  structures  forming 
the  uplift  are  deformed  by  high-angle  normal  and  reverse  faults  at  the  sur- 
face and,  at  depth,  Tertiary  sediments  are  offset  by  low  angle  reverse  faults. 

The  faults  of  the  Newport- Inglewood  uplift  in  some  cases  exert  con- 
siderable barrier  influence  upon  the  movement  of  subsurface  water.  In  other 
places  sediments  offset  by  the  faults  have  been  scoured  and  backfilled  by 
ancient  rivers  and  streams  so  that  in  these  areas  the  faults  offer  little  or 
no  restraint  to  the  movement  of  ground  water.  Offsetting  of  sediments  along 
these  faults  is  usually  greater  in  the  deeper,  older  formations.  Displacement 
is  less  in  younger,  stratigraphically  higher  formations.  In  the  Pleistocene 
deposits  and  on  the  surface,  actual  displacement  by  faulting  is  minor  and 
folding  is  predominant. 

The  folds  and  faults  of  the  Newport -Inglewood  uplift,  from  north  to 
south,  include  the  Beverly  Hills  dome,  Inglewood  fault,  the  Baldwin  Hills 
uplift,  Potrero  fault  and  dome,  the  Rosecrans  anticline,  Avalon-Compton  fault, 
Dominguez  and  Long  Beach  anticlines,  Cherry  Hill,  Northeast  Flank,  Pickler, 
and  Reservoir  Hill  faults,  and  the  Seal  Beach  structure.  The  structural  fea- 
tures of  the  Newport- Inglewood  uplift  are  described  in  the  following  sections. 

Beverly  Hills  Dome 

The  Beverly  Hills  dome,  a  small  fold  developed  at  depth  in  sedi- 
ments of  Tertiary  age,  is  the  northernmost  anticlinal  structure  of  the  Newport- 
Inglewood  uplift.  The  dome,  which  contains  the  Beverly  Hills  oil  field, 
is  apparently  not  reflected  in  overlying  sediments  of  Pleistocene  and 
Recent  age.  Pleistocene  formations  in  the  area  have  reportedly  been  pene- 
trated by  only  a  few  water  wells  on  which  data  are  not  available.  Available 
oil  well  information,  however,  indicates  that  Pleistocene  sediments  dip 
northwesterly  away  from  the  Baldwin  Hills  and"  toward  the  Santa  Monica 
Mountains . 
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Inglewood  Fault 

The  Inglewood  fault  is  approximately  nine  miles  long,  trends 
northwest-southeast,  and  extends  from  approximately  one  mile  south  of  the 
City  of  Beverly  Hills  to  nearly  two  miles  southeast  of  the  City  of  Inglewood. 
An  eroded  escarpment  which  is  probably  the  surface  expression  of  the  Inglewood 
fault  is  present  in  the  Cheviot  Hills  (Poland,  et  al  19^9)- 

Beneath  Ballona  Gap,  the  fault  offsets  aquifers  of  Pleistocene 
age  as  shown  on  section  A-A'-A",  Plate  6A.  In  this  area,  the  sediments 
east  of  the  fault  have  dropped  down  relative  to  those  on  the  west  side  and 
the  fault  forms  a  barrier  to  ground  water  movement.  Between  the  Cheviot 
Hills  and  the  Santa  Monica  Mountain  front,  the  presence  of  the  Inglewood 
fault  and  its  probable  effect  on  ground  water  is  largely  conjectural.   Water 
level  data  for  the  vicinity  of  Beverly  Hills,  however,  suggest  that  the 
fault  does  not  affect  water-bearing  sediments  in  that  area. 

In  the  Baldwin  Hills,  the  Inglewood  fault  is  marked  at  the  sur- 
face by  an  escarpment  along  which  over  200  feet  of  vertical  displacement 
has  been  measured  (Driver,  19^3)-  Available  evidence  indicates  that  dis- 
placement along  the  fault  is  both  normal  and  right  lateral,  the  latter 
being  the  principal  movement.   The  fault  dips  steeply  west  and  is  offset  by 
several  cross  faults  which  trend  northeast.   In  the  Baldwin  Hills,  the  west 
block  is  dropped;  between  the  Baldwin  Hills  and  Ballona  Gap,  therefore, 
pivotal  movement  must  have  occurred  as  the  west  block  is  uplifted  in 
Ballona  Gap. 

South  of  the  Baldwin  Hills,  the  Inglewood  fault  has  also  been 
called  the  Townsite  fault  (Willis  and  Ballantyne,  19^3)  and  is  offset  by 
the  Jairview  Avenue  and  Centinela  Creek  faults  which  trend  northeast.   The 
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Inglewood  fault  offsets  aquifers  of  the  San  Pedro  formation  as  shown  on 
section  B-B' -B",  Plate  6A,  and  forms  a  partial  barrier  to  ground  water 
movement  in  the  vicinity  of  the  City  of  Inglewood. 

Baldwin  Hills  Uplift 

The  Baldwin  Hills,  containing  the  Inglewood  oil  field,  are  under- 
lain by  a  faulted,  northwest-trending  anticline  which  is  developed  in  sedi- 
ments of  Tertiary  and  Pleistocene  age.  Two  principal  northwesterly  trending, 
nearly  parallel  faults  offset  the  central  portion  of  the  hills,  developing 
a  downdropped  block  or  graben  across  the  crest  of  the  anticline.  The  more 
easterly  of  the  two  structures  is  the  Inglewood  fault,  described  in  preced- 
ing paragraphs;  the  other  fault  is  unnamed.  Both  faults  are  offset  by 
secondary  cross  faults  which  trend  northeast.  The  block  east  of  the  Ingle- 
wood fault  is  composed  of  sediments  of  Pliocene  age  and  older  and  is  cut  by 
several  small  unnamed  faults.  One  such  fault  extends  along  the  northeast 
border  of  the  Baldwin  Hills  and  may  be  related  to  the  prominent  excarpment 
in  that  area.  The  Slauson  Avenue  fault  extends  northeast  beyond  the  Baldwin 
Hills  and  offsets  aquifers  of  the  San  Pedro  formation. 

The  Baldwin  Hills  form  a  complete  barrier  to  ground  water  movement 
where  the  essentially  nonwater-bearing  Pico  formation  crops  out  (Plate  3A) . 

Potrero  Structures 

This  term  is  assigned  to  those  structures  of  the  Newport -Inglewood 
uplift  which  are  located  between  the  Baldwin  Hills  to  the  northwest  and  the 
Rosecrans  anticline  to  the  southeast.  Principal  structures  include  the 
Inglewood  and  Potrero  faults  and  the  Potrero  dome.  The  faults  are  continuous 
from  the  Baldwin  Hills  to  the  Rosecrans  anticline,  but  the  dome  is  an  independ- 
ent structural  feature. 
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The  Inglewood  and  Potrero  faults  extend  southeast  from  the  Baldwin 
Hills  and  border  a  linear,  tilted  block,  approximately  four  miles  long  and 
several  thousand  feet  wide,  which  is  broken  into  smaller  blocks  by  several 
nearly  parallel,  northeasterly  trending  cross  faults  (Plate  3A). 

Potrero  Fault.  The  Potrero  fault  is  about  four  miles  long  and  is 
expressed  at  the  surface  as  an  escarpment  along  the  west  flank  of  the 
Rosecrans  Hills.  It  is  essentially  a  fracture  zone,  100  to  200  feet  wide, 
that  trends  northwesterly  and  dips  steeply  to  the  west.  Both  normal  and 
right  lateral  displacements  have  been  observed,  but  the  latter  is  more  pro- 
nounced. In  those  areas  where  vertical  displacement  of  aquifers  exists,  the 
fault  acts  as  a  barrier  to  subsurface  flow,  as  was  shown  by  a  pumping  test 
conducted  in  the  Inglewood  oil  field. 

A  series  of  transverse  faults  cut  both  the  Inglewood  and  Potrero 
faults  and  enclose  a  number  of  tilted,  uplifted  or  downdropped  blocks. 
From  north  to  south  these  faults  are:  The  Slauson  Avenue  fault,  Fairview 
Avenue  fault,  Centinela  Creek  fault,  Inglewood  Park  Cemetery  fault,  Man- 
chester Avenue  fault,  and  the  Century  Boulevard  fault.   These  faults  probably 
offset  aquifers  of  Pleistocene  age  and  are  believed  to  act  as  partial  bar- 
riers to  ground  water  movement  (Poland,  et  al  1959)- 

Potrero  Dome.  The  Potrero  dome,  primarily  developed  at  depth  in 
sediments  of  Tertiary  age,  is  located  immediately  east  of  the  City  of 
Inglewood  and  contains  the  Potrero  oil  field.  The  dome  trends  northwest 
and  is  offset  by  the  Inglewood  and  Potrero  faults.   Dips  along  the  flanks 
are  gentle,  becoming  steepest  to  the  north  and  east. 
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Rosecrans  Anticline 

Defined  "by  aquifers  of  the  San  Pedro  formation,  the  Rosecrans 
anticline  trends  northwest  and  extends  for  approximately  five  miles  near  the 
middle  of  the  Newport -Inglewood  uplift  in  Los  Angeles  County  and  lies  beneath 
the  Rosecrans  Hills.  The  Howard  Townsite,  Rosecrans,  and  South  Rosecrans 
oil  fields  underlie  this  Pleistocene  structure,  and  are  developed  in  sedi- 
ments of  Tertiary  age.   These  oil  structures  are  offset  and  complicated  by 
several  nearly  parallel,  westerly  trending  thrust  faults  which  do  not  affect 
sediments  of  Pleistocene  age.   Thinning  and  pinching  out  of  the  aquifers 
across  the  anticline  may  be  a  deterrent  to  ground  water  movement  between 
the  Central  Basin  and  the  West  Coast  Basin. 

Avalon-Compton  Fault 

The  Avalon-Compton  fault  is  about  two  and  one-half  miles  long 
and  trends  northwesterly  from  the  north  flank  of  Dominguez  Hill  to  the 
south  end  of  Rosecrans  anticline.  The  normal  displacement  along  the  fault 
increases  with  depth,  and  the  southwest  block  is  dropped.  'The  fault  off- 
sets the  Silverado,  Lynwood,  and  Gardena  aquifers,  as  shown  on  Section 
D-D' -D",  Plate  6B.   Water  level  differences  on  either  side  of  the  fault 
indicate  that  this  structure  is  an  effective  ground  water  barrier  (Poland, 
et  al  1959a). 

Dominguez  Anticline 

The  structure  underlying  Dominguez  Hill  and  containing  the  Domin- 
guez oil  field  has  been  described  by  Grinsfelder  (l9I'-3)  as  an  elliptical, 
northwesterly  trending  anticline.   Similar  to  most  structures  on  the 
Newport -Inglewood  uplift,  the  anticline,  fully  developed  in  the  deeper 
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Tertiary  formations,  is  also  reflected  in  Pleistocene  sediments  at  the 
surface.  Dominguez  Hill,  rising  about  150  feet  above  the  surrounding  land 
surface,  is  typical  of  this  relationship.  The  anticline  is  offset  by  high 
angle  normal  faults  and  lower  angle  reverse  faults  at  depth.  This  defor- 
mation does  not  appear  to  extend  more  than  U,000  feet  below  sea  level. 
The  base  of  Pleistocene  sediments  across  the  anticlinal  crest  is  about 
1+00  feet  below  sea  level  and  it  is  believed  that  the  aquifers  are  not 
affected  by  faulting  across  the  anticline.  The  southwest  flank  of  the 
anticline  dips  more  steeply  than  the  northeast  flank.   The  extreme  north- 
west flank  of  the  structure  is  cut  by  the  Avalon-Compton  fault,  described 
above. 

Long  Beach  Anticline 

The  Long  Beach  anticline  is  a  narrow,  elongated,  asymmetrical 
structure  which  trends  northwest  and  is  offset  by  several  prominent  faults. 
The  structure  extends  approximately  five  miles  through  Signal  Hill  and 
Reservoir  Hill  and  contains  the  Long  Beach  oil  field.  The  plunge  of  the 
axis  is  less  to  the  northwest  than  to  the  southeast.  Dips  on  the  southwest 
flanks  are  generally  steeper  away  from  the  crest  than  dips  on  the  northeast 
flanks.  Three  prominent  faults,  the  Cherry  Hill,  Northeast  Flank,  and  the 
Reservoir  Hill  faults,  trend  northwest  along  the  crest  of  the  anticline.  A 
short,  transverse  fault,  the  Pickler  fault,  extends  across  the  crest  of  the 
anticline  from  the  northern  expression  of  the  Northeast  Flank  fault  to  the 
Cherry  Hill  fault.  A  surface  scarp  along  the  north  side  of  the  Bixby  Ranch 
Hill  may  be  a  surface  expression  of  a  fault,  but  subsurface  evidence  availa- 
ble at  this  time  does  not  clearly  confirm  this. 


-106- 


Available  data  in  the  Signal  Hill  and  Reservoir  Hill  areas  and  in 
that  portion  of  the  City  of  Long  Beach  adjacent  to  and  west  of  the  Resevoir 
Hill  fault  are  insufficient  for  definition  of  aquifers  in  these  areas  and 
for  correlation  of  aquifers  across  the  Pickler,  Northeast  Flank,  and  Reser- 
voir Hill  faults.  According  to  Poland,  the  Signal  Hill  area  is  a  complete 
"barrier  to  movement  of  ground  water  between  the  Long  Beach  Plain  and  the 
Downey  Plain.   No  new  evidence  was  available  to  confirm  or  disprove  this 
assertion.   Even  though  data  are  sparse,  however,  it  is  apparent  that  the 
structural  character  of  Signal  Hill  and  Reservoir  Hill  is  sufficient  to 
restrict  ground  water  movement. 

Cherry  Hill  Fault.   Stolz  (l9V3a)  designated  the  fault  that 
extends  along  the  southwest  flank  of  the  Long  Beach  anticline  as  the 
Cherry  Hill  fault.   Movement  along  the  fault  is  up  on  the  northeast  side 
and  down  on  the  southwest  side.   Vertical  displacement  of  water-bearing 
sediments  is  considerable  for  several  miles  along  this  fault.   Along  the 
southwest  side,  the  Silverado  aquifer,  for  example,  has  been  displaced 
against  older  rocks  of  low  permeability.  Northeast  of  the  structure  at 
Signal  Hill,  these  rocks  of  low  permeability  rise  above  the  zone  of 
saturation. 

The  Cherry  Hill  fault  extends  across  Dominguez  Gap  and  disappears 
along  the  northeast  flank  of  Dominguez  Hill.  Although  the  fault  does  not 
act  as  a  barrier  to  movement  of  ground  water  in  the  Gaspur  aquifer,  it  does 
have  a  barrier  effect  in  the  underlying  formations  in  Dominguez  Gap  (Poland, 
et  al  19A6b). 
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Northeast  Flank  Fault.   The  Northeast  Flank  fault,  also  named  by 
Stolz  (19^3 )>    extends  along  the  northeast  flank  of  Signal  Hill  for  about 
one  mile.  The  northeast  side  of  the  fault  is  downdropped  relative  to  Signal 
Hill,  which  is  an  uptilted  block  between  this  fault  and  the  Cherry  Hill 
fault.   In  this  area,  Pleistocene  aquifers  have  apparently  been  entirely 
offset  and  ground  water  movement  is  impeded  by  the  Northeast  Flank  fault. 

Pickler  Fault.   The  Pickler  fault  is  a  transverse  fault  which 
strikes  southwest  along  the  northwest  margin  of  Signal  Hill.   Its  existence 
was  inferred  largely  from  a  difference  in  the  productivity  of  oil  wells  on 
either  side  of  the  fault.  The  area  northwest  of  the  fault  is  downdropped 
relative  to  Signal  Hill.  The  vertical  displacement  at  the  base  of  the  San 
Pedro  formation  is  believed  to  be  about  150  feet.  This  displacement  brings 
sediments  of  relatively  low  permeability  in  the  block  to  the  southeast  into 
contact  with  the  water-bearing  sediments  to  the  northwest. 

Reservoir  Hill  Fault.  The  Reservoir  Hill  fault  is  a  normal,  steep, 
northeasterly  dipping  fault  aligned  with  the  northeast  flank  of  Reservoir 
Hill.  The  fault  trends  southeast  and  is  named  the  Seal  Beach  fault  in 
Alamitos  Gap  and  Landing  Hill.   It  is  in  echelon  with  the  Northeast  Flank 
fault.   The  southwest  side  of  the  fault  has  moved  up  in  relation  to  the 
northeast  side.   Vertical  displacement  along  the  fault,  about  opposite  the 
crest  of  Reservoir  Hill,  is  about  280  feet.  Materials  of  the  San  Pedro 
and  underlying  Pico  formation  have  been  displaced  by  at  least  this  amount; 
however,  no  displacement  occurs  within  the  uppermost  alluvial  deposits  of 
Recent  age.   The  fault  is  believed  to  restrict  ground  water  movement  in 
Alamitos  Gap  (Poland  and  Sinnott,  195°b). 
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Seal  Beach  Structure 

The  Seal  Beach  structure,  containing  the  Seal  Beach  oil  field, 
consists  of  two  elongated  domes  separated  by  a  saddle.   The  domes  are  devel- 
oped in  underlying  sediments  of  Tertiary  age,  trend  northwesterly,  and  are 
offset  by  the  Seal  Beach  fault,  the  local  name  applied  to  the  southern  portion 
of  the  Reservoir  Hill  fault.   The  more  northerly  dome  underlies  Bixby  Ranch 
Hill;  the  southerly  dome  has  its  apex  in  Alamitos  Gap  under  the  present 
channel  of  the  San  Gabriel  River.  Bowes  (19^3)  stated  that  the  San  Gabriel 
River  is  antecedent  to  the  later  periods  of  folding  and  its  position  may 
have  been  controlled  by  the  saddle  that  exists  between  these  two  domes. 

Hawthorne -Long  Beach  Depression 

The  Hawthorne -Long  Beach  depression  is  the  downfolded  area  that 
underlies  the  El  Segundo  Sand  Hills,  Torrance  Plain,  Dominguez  Gap,  Long 
Beach  Plain,  and  most  of  the  Santa  Monica  and  Sawtelle  Plains,  but  only 
portions  of  Beverly  Hills  and  Ballona  Gap.  The  depression  trends  north- 
westerly and  extends  from  its  northwestern  terminus  at  the  base  of  the  Santa 
Monica  Mountains  to  the  City  of  Long  Beach  and  continues  offshore  beneath 
San  Pedro  Bay.   It  is  bounded  on  the  west  by  the  Pacific  Ocean,  on  the 
southwest  by  the  Palos  Verdes  Hills  and  on  the  northeast  by  the  Newport - 
Inglewood  uplift. 

The  following  structures  lie  within  the  depression  and  are  briefly 
discussed  in  the  succeeding  paragraphs:   Overland  Avenue  and  Charnock  faults, 
the  Gardena  syncline,  the  Torrance  and  Wilmington  anticlines,  the  Lomita 
syncline,  and  unnamed  structures  beneath  the  Santa  Monica  Plain. 
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Overland  Avenue  Fault 

The  Overland  Avenue  fault  trends  northwest  and  extends  from  Santa 
Monica  Boulevard  to  the  northwest  flank  of  the  Baldwin  Hills.   Displacement 
of  the  fault  is  believed  to  he  vertical,  with  a  magnitude  of  approximately 
thirty  feet.   The  northeast  side  of  the  fault  is  raised  relative  to  the 
southwest  side.  Over  a  15-year  period,  water  levels  east  of  the  fault  have 
remained  60  to  100  feet  higher  than  those  west  of  the  fault  (Poland,  et  al 
1959a )>    indicating  its  relative  effectiveness  as  a  barrier  to  the  movement 
of  ground  water. 

Charnock  Fault 

The  Charnock  fault  extends  southeast  from  near  Venice  Boulevard 
to  the  City  of  Gardena  and  runs  parallel  to  the  axis  of  the  Gardena  syncline 
for  most  of  its  length.  The  northeast  side  of  the  fault  is  downthrown 
relative  to  the  southwest  side.  Because  of  the  displacement  of  lower  Pleis- 
tocene aquifers  as  shown  on  Section  C-C'-C",  Plate  6B,  the  fault  acts  as  a 
partial  barrier  to  ground  water  movement.  This  barrier  effect  increases  as 
the  fault  approaches  the  Ballona  Escarpment,  and  then  apparently  diminishes 
as  it  continues  northwest  beyond  Ballona  Gap  into  the  Sawtelle  Plain. 

Gardena  Syncline 

The  principal  structure  of  the  Hawthorne -Long  Beach  depression  is 
the  Gardena  syncline,  an  elongated,  northwesterly  trending  flexure  extending 
from  Culver  City  to  the  City  of  Long  Beach.   It  parallels  the  Newport - 
Inglewood  uplift  which  borders  it  on  the  northeast.  Along  the  southwest 
border,  beneath  the  El  Segundo  Sand  Hills,  Pleistocene  sediments  gently  dip 
northeasterly  into  the  syncline  from  beneath  the  Pacific  Ocean.  The  syncline 
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is  best  developed  in  Tertiary  and  lower  Pleistocene  sediments  and  is  moder- 
ately defined  in  upper  Pleistocene  sediments.   Its  deepest  part,  as  shown 
on  the  contour  map  of  the  Silverado  aquifer  (Plate  20B),  lies  "beneath  the 
intersection  of  Alameda  Street  and  Carson  Street.   From  the  northwest,  the 
synclinal  axis  plunges  gently  into  this  low.   The  axial  plunge  from  the 
southeast  is  relatively  steeper. 

Northwest  of  the  City  of  Gardena,  lower  Pleistocene  aquifers  along 
the  southwest  flank  of  the  syncline  are  offset  by  the  Charnock  fault  (Section 
C-C'-C",  Plate  6B),  though  the  Gardena  aquifer  of  late  Pleistocene  age  is 
not  displaced.   Further  north,  beginning  at  the  south  margin  of  the  Ballona 
Gap,  the  northeast  flank  of  the  syncline  is  displaced  by  the  Overland  fault. 
Beneath  Ballona  Gap  and  continuing  northwest  to  approximately  the  Santa 
Monica  Plain,  the  syncline  becomes  a  downfaulted  block  lying  between  the 
Charnock  and  Overland  Avenue  faults. 

Torrance  Anticline 

The  Torrance  anticline,  located  in  the  southerly  part  of  the 
Hawthorne -Long  Beach  depression,  is  a  gentle  fold  which  trends  southeast 
from  Redondo  Beach  and  contains  the  Torrance  oil  field.   In  sediments  of 
Tertiary  age,  several  echelon  faults  trend  diagonally  across  the  principal 
fold,  dividing  it  into  three  elements.   The  water-bearing  formations  are 
affected  by  the  broad,  gentle  folding,  but  available  evidence  indicates 
that  they  are  not  offset  by  faulting. 

Wilmington  Anticline 

The  Wilmington  anticline  is  essentially  continuous  with  the  Tor- 
rance anticline  but  the  two  are  separated  by  a  structural  saddle  developed 
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in  sediments  of  Tertiary  age.   The  anticline  plunges  to  the  northwest  and 
to  the  southeast  and,  according  to  Winterburn  (19^3 )>  consists  of  five 
blocks  developed  by  several  faults .  The  San  Pedro  and  Lakewood  formations 
are  not  affected  by  these  faults,  and  only  the  San  Pedro  formation  is 
folded . 

Lomita  Syncline 

The  Lomita  syncline  is  located  between  the  Torrance -Wilmington 
anticlinal  highs  to  the  north,  and  the  Palos  Verdes  fault  zone  and  Gaffey 
anticline  to  the  south.   The  syncline  parallels  the  southeasterly  trend  of 
these  bordering  uplifts  and  extends  southeast  from  the  City  of  Redondo 
Beach.   Similar  to  the  Gardena  syncline,  it  is  best  developed  in  San  Pedro 
and  older  sediments. 

Unnamed  Structures 

Hoots  (l93l)  and  Barbat  (1958)  indicate  that  there  are  structures 
under  the  alluvial  cover  of  the  Santa  Monica  Plain  which  trend  east-west  and 
parallel  to  the  structural  trend  of  the  Santa  Monica  Mountains.   Since 
there  is  little  subsurface  information  available  in  this  area,  the  geologic 
structure  is  inferred  on  Section  G-G',  Plate  6D.   This  section  shows  the 
San  Pedro  formation  dipping  gently  to  the  south  beneath  Ballona  Gap  and  the 
Torrance  Plain. 

Offshore  Structures 
Those  structures  that  lie  beneath  Santa  Monica  and  San  Pedro  Bays 
have  a  direct  effect  upon  the  water-bearing  strata  that  extend  into  these 
areas .  Much  work  remains  to  be  done  to  determine  the  nature  and  extent  of 
offshore  folding  and  faulting  and  their  effects  on  ground  water.   The 
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general  structure  of  the  offshore  region  is  discussed  "by  Emery  (l95J0  as 
follows : 

"In  general,  the  region  consists  of  many  blocks  of 
roughly  equal  size  that  "bear  a  close  resemblance 
to  the  fault  blocks  of  the  Basin  Range  province  in 
Nevada  and  eastern  California.  .  .The  slopes  that 
bound  the  blocks  are  fairly  straight  and  steep  (5° 
to  10°  average  and  more  than  U0°  locally),  and  some 
terminate  downward  in  linear  depressions  similar  to 
sag  ponds.   Earthquake  epicenters  are  more  frequent 
on  the  basin  side  of  these  slopes,  suggesting  that 
the  slopes  reflect  the  presence  of  normal  faults 
that  separate  horsts  and  grabens,  though  later  work 
may  show  that  some  of  them  are  due  to  folding  rather 
than  to  simple  block  faulting." 

The  Santa  Monica  shelf  as  a  whole  is  a  seaward  continuation  of 
the  coastal  plain,  and  available  information  suggests  that  the  San  Pedro 
formation  becomes  thinner  there.   The  pattern  of  sea-water  intrusion  indi- 
cates that  aquifers  are  exposed  to  the  ocean  all  along  the  Santa  Monica  Bay. 

The  San  Pedro  shelf  is  underlain  by  the  seaward  extension  of  the 
anticline  that  comprises  the  Palos  Verdes  Hills,  by  the  Gaffey  syncline  and 
anticline,  by  the  Lomita  syncline,  and  the  Wilmington  anticline.  Available 
subsea  data  suggest  that  the  extension  of  the  main  Palos  Verdes  Hills  anti- 
cline beneath  San  Pedro  Bay  has  resulted  in  uplift  of  the  Lakewood  and  San 
Pedro  formations,  and  possibly  exposed  them  to  the  ocean  floor  south  of 
the  breakwater  (Stevenson,  et  al  1958,  Crouch,  195^,  and  Moore,  195*0  •   Water 
levels  in  the  Silverado  aquifer,  however,  indicate  little  or  no  hydraulic 
continuity  with  the  ocean  beneath  San  Pedro  Bay.   The  significance  of  this 
data  is  not  clear,  since  no  subsurface  information  is  available  seaward  of 
the  Wilmington  oil  field.   It  is  not  known,  therefore,  whether  aquifers 
deeper  than  the  Gaspur  and  above  the  Silverado  are  in  hydraulic  continuity 
with  the  ocean  in  San  Pedro  Bay. 
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CHAPTER  VI.   DESCRIPTION  OF 

GROUND  WATER  BASINS 

This  chapter  describes  the  ground  water  basins  in  the  Coastal 

Plain  of  Los  Angeles  County  and  discusses  the  occurrence  and  movement  of 

ground  water  within  each  basin.  Information  regarding  geologic  features 

presented  in  earlier  chapters  is  summarized  here  for  each  ground  water 

basin  to  show  what  effect  these  features  have  on  ground  water  flow  into, 

through,  and  out  of  each  basin.  The  relationships  between  the  geologic 

features  and  the  occurrence  and  movement  of  ground  water  as  discussed  in 

this  chapter  are  intended  to  clarify  the  geologic  setting  of  the  area  for 

future  studies  of  hydrology,  water  quality,  and  problems  involving  the 

use  of  ground  water. 

Basin  Boundaries 
The  ground  water  basin  as  herein  used  is  defined  as  the  area 
underlain  by  one  or  more  permeable  formations  capable  of  furnishing  a  sub- 
stantial water  supply.  It  does  not  necessarily  coincide  with  the  surface 
drainage  basins  and  is  usually  smaller  in  size  because  the  essentially 
nonwater-bearing  hills  and  mountains  of  the  surface  drainage  basin 
(watershed)  are  excluded.  Ground  water  basins  are  separated  from  adjacent 
basins  by  geologic  features  such  as  nonwater-bearing  rock,  faults,  or 
other  geologic  structures  which  impede  ground  water  movement,  and  by 
natural  or  artificial  mounds  or  divides  in  the  water  table  or  piezometric 
surface.  Geologic  features  generally  establish  well  defined,  fixed  bounda- 
ries while  ground  water  mounds  are  subject  to  change  in  time,  particularly 
with  changes  in  the  development  and  use  of  ground  water.  However,  both 
of  these  types  of  boundaries  do  define  limits  of  ground  water  movement. 
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Ground  water  basins  also  have  "been  arbitrarily  separated  along 
political  boundaries  or  surface  features  such  as  along  topographic  divides 
and  across  narrow  gaps  through  a  range  of  mountains  or  series  of  hills. 
Such  arbitrary  divisions  may  be  useful  bub  they  do  not  really  define  the 
limit  of  ground  water  basins  nor  its  movement  as  do  geologic  features. 
In  many  cases ,  the  use  of  surface  features  to  delimit  a  ground  water  basin 
has  simplified  hydrologic  analysis,  but  this  is  seldom  the  case  when 
political  boundaries  have  been  used. 

The  Coastal  Plain  of  Los  Angeles  County  consists  mainly  of 
unconsolidated  sediments  or  alluvium  underlain  by  and  bounded  on  the  north 
and  east  by  essentially  bedrock.   On  the  west  and  south  it  is  bounded  by 
the  Pacific  Ocean.  Ground  water  is  stored  within  the  interstices  of  these 
unconsolidated  sediments  and  in  the  cracks  or  fractures  of  the  nonwater- 
bearing  rocks  which  bound  the  area. 

The  coastal  plain  has  been  divided  into  four  ground  water  basins 
by  geological  and  surface  features.   Two  of  these  four  ground  water  basins 
are  southwest  and  two  are  northeast  of  the  series  of  low  hills  formed  by 
the  folds  and  faults  of  the  Newport-Inglewood  uplift.  The  Santa  Monica 
Basin  ("West  Coast  Plain  -  North",  Calif.  D.  W.  R.  193M  and  the  West 
Coast  Basin  occupy  what  Mendenhall  (1905b)  called  the  "Western  Coastal 
Plain"  west  and  southwest  of  the  Newport-Inglewood  uplift  (Plate  2).   East 
and  northeast  of  the  Newport-Inglewood  uplift  are  the  Hollywood  and 
Central  Basins  (Plate  2),   which  Mendenhall  (1905a)  considered  together 
as  the  "Central  Coastal  Plain  of  Southern  California". 

The  Santa  Monica  Basin  is  the  northernmost  of  the  two  basins 
southwest  of  the  Newport-Inglewood  uplift;  it  extends  south  from  the  Santa 
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Monica  Mountains  to  the  Ballona  Escarpment  between  the  uplift  and  the 
Pacific  Ocean.  The  West  Coast  Basin  extends  southeast  to  the  Palos  Verdes 
Hills,  San  Pedro  Bay,  and  Orange  County.  Although  the  Santa  Monica  and 
West  Coast  Basins  have  been  divided  at  the  Ballona  Escarpment,  the  es- 
carpment does  not  signify  any  geologic  discontinuity  in  the  water-bearing 
sediments.  Rather,  the  separation  was  based  on  the  existence  of  a  ground 
water  mound  developed  at  this  location  as  a  result  of  ground  water  ex- 
tractions. This  ground  water  mound  was  carefully  defined  in  the  Report 
of  Referee  on  the  West  Coast  Basin  (Calif.  D.  W.  R.  1952a).  The  igewport- 
Inglewood  uplift,  which  bounds  these  basins  on  the  east,  is  a  series  of 
geologic  features  that  exerts  considerable  influence  on  ground  water  move- 
ment along  much  of  its  length. 

The  Hollywood  Basin  is  located  south  of  the  Santa  Monica 
Mountains  and  east  of  the  Newport -Inglewood  uplift.  It  extends  eastward 
to  the  Elysian  Hills  and  south  to  the  La  Brea  high,  a  complex  subsurface 
structural  feature.  The  Central  Basin  borders  the  Hollywood  Basin  on  the 
south  and  occupies  the  rest  of  the  Coastal  Plain  of  Los  Angeles  County 
east  of  the  Newport -Inglewood  uplift.  Historically,  ground  water  moved 
from  the  Hollywood  Basin  across  the  La  Brea  high  into  the  Central  Basin. 
However,  under  present  conditions,  ground  water  levels  are  lower  than  the 
dome  of  this  high  so  that  it  currently  represents  a  barrier  to  ground 
water  movement  along  the  eastern  section  of  the  southern  boundary.  This 
feature  plunges  steeply  at  its  western  extremity,  and  the  San  Pedro  for- 
mation is  continuous  from  the  Central  Basin  into  the  Hollywood  Basin  around 
the  warped  slope  formed  by  the  plunging  anticline.  A  pumping  depression 
or  trough,  developed  in  the  vicinity  of  Culver  City  as  the  result  of 
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ground  water  extractions,  now  intercepts  all  flow  from  the  Hollywood 
Basin,  and  has  resulted  in  a  ground  water  divide  in  the  northern  part  of 
the  Central  Basin. 

The  southeast  boundary  of  the  Central  Basin  coincides  with  the 
Los  Angeles -Orange  County  line.  This  "boundary  was  originally  defined 
( Calif .  D.  W.  R.  193*0  on  the  basis  of  a  ground  water  mound  generally 
paralleling  the  county  line.  Four  areas  are  identified  for  descriptive 
purposes  within  the  Central  Basin:   the  Los  Angeles  and  Montebello 
Forebay  Areas,  the  Whittier  Area,  and  the  Central  Basin  Pressure  Area 
(Plate  2).  The  boundaries  of  these  areas  are  as  described  in  Bulletin 
No.  4  5  (Calif.  D.  W.  R.  193*0 .  The  forebay  areas  extend  south  from  the 
Los  Angeles  and  Whittier  Narrows,  two  breaks  in  the  hills  which  form  the 
northern  boundary  of  the  basin.  The  Whittier  area  (formerly  part  of  the 
La  Habra  Basin)  is  located  in  the  northeastern  part  of  the  Central  Basin, 
east  of  the  Montebello  Forebay  Area.  The  Central  Basin  Pressure  Area 
includes  the  rest  of  the  Central  Basin  to  the  west  and  south  of  the  other 
three  areas. 

Another  basin,  the  "Los  Angeles  Narrows  Basin"  (Calif.  D.  W.  R. 
193*0  >  va-s   formerly  recognized  as  part  of  the  Coastal  Plain  of  Los  Angeles 
County.  It  extended  from  the  Central  Basin  north  to  the  San  Fernando 
Basin,  with  an  arm  extending  eastward  along  the  Arroyo  Seco  into  the  San 
Gabriel  Valley.  Recent  investigations  have  shown  that  the  Los  Angeles 
Narrows  Basin  should  be  divided;  one  part  should  be  included  with  the  San 
Fernando  Basin  and  the  remainder  with  the  Central  Basin.  This  change  has 
been  followed  in  this  report  and  the  boundary  of  the  coastal  plain  in  the 
vicinity  of  the  Los  Angeles  Narrows  was  placed  just  north  of  and  parallel 
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to  Figueroa  Street  across  the  narrowest  portion  of  the  alluvial  fill.  The 
area  south  of  this  new  line  and  eastward  along  the  Arroyo  Seco  is  now 
included  within  the  Central  Basin. 

Ground  Water  Occurrence 

Poland  (l^kQ   and  1959a)  divided  the  ground  water  contained  in 
the  alluvial  sediments  of  the  Coastal  Plain  of  Los  Angeles  County  into 
three  categories,  each  of  which  may  appear  in  any  single  ground  water  basin. 
In  downward  succession  these  are:   (l)  a  body  of  shallow,  unconfined, 
semiperched  water  which  occurs  in  the  upper  part  of  the  alluvial  deposits 
in  the  Downey  Plain  and  the  Torrance  Plain,  (2)  the  principal  body  of 
fresh  ground  water,  which  occurs  chiefly  in  deposits  of  Recent  and  Pleis- 
tocene age,  and  possibly  in  underlying  Pliocene  rocks,  and  (3)  saline 
water  underlying  the  principal  fresh  water  body  throughout  the  area. 

The  only  use  at  the  present  time  of  the  saline  water  underlying 
the  coastal  plain  has  been  to  repressurize  areas  where  oil  has  been 
extracted.  Since  the  primary  interest  is  in  the  fresh  ground  water  re- 
sources of  the  area,  this  chapter  considers  Poland's  first  and  second  cate- 
gories of  ground  water,  and  omits  further  consideration  of  the  saline 
waters . 

Ground  Water  Movement 
In  all  ground  water  basins,  water  moves  from  the  point  or  points 
of  recharge  through  the  basin  to  the  point  or  points  of  discharge.  Ground 
water  flow  occurs  because  of  differentials  in  pressure  between  the  points 
of  recharge  and  discharge,  which  establish  a  hydraulic  gradient  in  the 
water  surface.  This  flow  will  continue  in  one  or  more  directions  untix 
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the  flow  path  is  blocked  by  some  structural  barrier  (i.e.,  fault,  fold, 
unconformity,  or  a  physical  characteristic  of  the  aquifer)  or  until  the 
gradient  of  the  water  surface  is  altered  by  withdrawals  or  artificial 
recharge.  The  basin  will  generally  discharge  into  another  basin,  or  into 
a  river,  lake,  or  the  ocean. 

The  ground  water  basins  in  the  coastal  plain  are  recharged  by 
surface  and  subsurface  inflow  from  the  hills  and  mountains  bordering  the 
areas  and  from  the  adjacent  San  Gabriel  and  San  Fernando  Valleys,  by 
downward  percolation  of  the  waters  from  the  major  streams  crossing  the 
area,  by  direct  percolation  of  precipitation  and  other  applied  water,  and 
by  artificial  recharge  of  either  local  or  imported  water  through  both 
spreading  the  water  in  specially  prepared  basins  where  it  is  impounded 
and  allowed  to  percolate  and  injecting  the  water  into  wells. 

The  extensive  paving  of  streets  and  construction  of  urban 
communities  has  greatly  reduced  the  areas  open  to  direct  percolation  of 
precipitation  and  applied  water.  Extension  of  sewer  systems  discharging 
through  ocean  outfalls,  improvement  in  surface  drains,  and  the  lining  of 
river  channels  to  facilitate  the  runoff  of  floodwaters  have  all  resulted 
in  less  water  percolating  into  the  ground  water  basins.  In  recent  years 
the  expansion  of  artificial  recharge  programs  has  tended  to  offset  these 
reductions  in  the  natural  recharge  to  the  ground  waters  of  the  coastal 
plain. 

Discharge  from  the  coastal  plain  under  natural  conditions  has 
been  to  the  Pacific  Ocean.  However,  the  increased  withdrawals  of  ground 
water  from  the  area,  combined  with  the  lower  rate  of  replenishment 
during  recent  years,  have  reversed  normal  gradients  as  evidenced  by  sea 
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water  moving  inland  in  the  coastal  portions  of  the  aquifers  and  by  the 
presence  of  "troughs"  or  pumping  depressions  in  the  ground  water  surface. 
At  the  present  time,  there  is  little  subsurface  outflow  to  the  ocean. 

Evapo -transpiration  processes  account  for  a  minor  amount  of 
the  ground  water  naturally  discharged  from  the  basins.  The  major  dis- 
charge of  ground  water  is  presently  by  pumpage  and  eventual  discharge 
to  the  ocean  through  sewers  of  the  amount  not  consumptively  used. 

Rates  of  flow  of  ground  water  within  the  basins  depend  not 
only  on  the  hydraulic  gradient,  but  also  on  the  cross -sectional  area  and 
permeability  of  the  sediments.  A  very  useful  term  in  determining  rates 
of  flow  is  the  coefficient  of  transmissibility,  which  is  defined  as 
coefficient  of  permeability  multiplied  by  the  saturated  thickness, 
usually  in  gallons  per  day  per  foot  of  width  or  in  cubic  feet  per  second 
per  foot  of  width.  About  40  well  tests  have  been  conducted  in  the  Coastal 
Plain  of  Los  Angeles  County  to  determine  coefficients  of  transmissibility 
and  storage.  Selected  references  used  in  these  computations  are  in- 
cluded on  Page  1-10  of  Attachment  1.  Results  of  the  tests  are  summarized 
in  Table  C  in  Attachment  2.  In  a  few  cases,  it  was  possible  to  compute 
vertical  permeability  of  the  overlying  aquiclude  as  indicated  in  this 
table . 

Using  results  of  the  transmissibility  tests,  average  values 
for  permeability  were  computed  and  assigned  to  drillers  logs.  This  pro- 
cedure is  discussed  in  Attachment  2  of  this  report  and  the  values  are 
shown  in  Table  D.  Using  all  well  tests  and  several  hundred  well  logs, 
transmissibility  was  then  estimated  for  the  major  aquifers.  Lines  of  equal 
transmissibility  of  the  aquifers  were  generalized  and  drawn  on  Plates  26a 
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through  26H.   The  values  for  all  aquifers  were  later  combined  as  shown 
on  Plate  26l  which  is  very  generalized  but  is  convenient  to  use  in  many 
hydrologic  and  operational  studies. 

Ground  Water  Storage 

When  discharge  or  outflow  from  a  basin  exceeds  recharge  or 
inflow,  ground  water  is  removed  from  storage  in  the  basin.  The  amount  of 
water  in  storage  depends  on  the  volume  of  sediments  and  their  specific 
yield.   Specific  yield  is  defined  as  the  ratio  between  the  volume  of  stored 
water  which  a  saturated  sample  of  material  will  yield  by  gravity  and  the 
volume  of  that  sample;  it  is  customarily  expressed  in  percent. 

Specific  yield  values  for  the  sedimentary  deposits  of  Los  Angeles 
County  are  given  in  Attachment  2,  Table  A.   These  specific  yield  values 
were  compiled  from  available  data,  including  work  done  by  the  State  Water 
Rights  Board  for  the  San  Fernando  Valley  Reference,  and  from  Bulletin  ^5 
(Calif.  D.  W.  R.  193^)-   They  were  also  checked  against  figures  obtained 
from  well  tests  but  no  new  determinations  were  made  during  this  investiga- 
tion.  Specific  yield  values  are  multiplied  by  the  thickness  and  areal 
extent  of  the  water-bearing  sediments  to  determine  the  total  storage 
capacity  of  these  sediments.   The  variation  in  specific  yield  value  over 
the  coastal  plain  by  elevational  increments  that  were  used  in  computations 
of  storage  are  tabulated  in  Table  B,  Attachment  2. 

Changes  in  the  amount  of  ground  water  in  storage  in  the  ground 
water  basins  in  the  Coastal  Plain  of  Los  Angeles  County  have  occurred 
mainly  in  the  forebay  areas.   However,  changes  in  storage  have  also  oc- 
curred in  other  free  ground  water  areas  and  in  the  pressure  areas  where 
water  levels  have  been  drawn  below  the  base  of  -the  upper  confining 
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aquiclude.  Additional  limited  changes  of  storage  have  occurred  by 
dewatering  of  the  confining  aquicludes.  The  areas  where  changes  in 
storage  have  occurred  are  discussed  in  the  description  of  the  individual 
basins;  however,  because  of  the  general  widespread  nature,  changes  of 
storage  in  the  Bellflower  aquiclude  are  not  delineated.  Within  the  area 
as  a  whole,  total  storage  to  the  base  of  the  Sunny side  aquifer,  or  to 
the  Silverado  aquifer  where  the  Sunnyside  is  missing,  is  approximately 
22  million  acre -feet.   Ground  water  storage  depletion  since  190^  is 
about  1,200,000  acre-feet  and  the  storage  between  historical  high  water 
levels  which  occurred  in  1904  and  sea  level  is  about  1,600,000  acre -feet. 

The  discussion  which  follows  treats  the  geology  of  each  basin 
and  its  relation  to  ground  water,  the  means  by  which  the  aquifers  present 
are  replenished,  the  areas  of  confined  water,  the  barriers  to  ground  water 
movement  within  or  between  basins,  and  the  movement  of  water  in  each  basin. 

Santa  Monica  Basin 

The  Santa  Monica  Basin  is  bounded  by  the  Santa  Monica  Mountains 
on  the  north  and  the  Ballona  Escarpment  on  the  south.  It  extends  east- 
ward from  the  Pacific  Ocean  to  the  Inglewood  fault  (see  Plate  2).  This 
area  was  originally  considered  a  part  of  the  West  Coast  Basin,  which  now 
is  limited  to  the  area  immediately  south  of  the  Santa  Monica  Basin.  The 
Santa  Monica  Basin  has  also  been  referred  to  in  prior  publications  as 
"West  Basin  Northern  Area"  (Calif.  D.  W.  R.  1934);  "West  Coastal  Plain  - 
North"  (Calif.  D.  W.  R.  19^7);  and  "West  Coast  Basin  -  North"  (Calif. 
D.  W.  R.  1958a). 

The  majority  of  the  water  wells  in  the  Santa  Monica  Basin  lie 
south  of  Santa  Monica  Boulevard  in  an  area  covered  by  Recent  alluvium 
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(Plate  3B).  North  and  northwest  of  Santa  Monica  Boulevard,  where  the 
Lakewood  formation  is  exposed  on  the  surface,  and  in  the  area  covered  by- 
Older  Dune  Sand  of  late  Pleistocene  age,  comparatively  few  wells  have 
been  drilled  and  little  data  are  available.  The  area  north  of  the  Baldwin 
Hills,  between  the  Overland  Avenue  and  Inglewood  faults  (shown  on  Plate 
3B),  is  also  deficient  in  water  well  log  data;  however,  oil  well  and 
electric  log  data  indicate  that  fresh  water  is  present  in  the  undiffer- 
entiated Lakewood,  San  Pedro,  and  Pliocene  formations.  While  no  aquifers 
or  aquicludes  have  been  defined  in  either  the  northwest  or  northeast  parts 
of  the  Santa  Monica  Basin,  they  do  exist  there. 

Geologic  Features 

The  Santa  Monica  Basin  is  overlain  by  six  different  physiographic 
features:   Santa  Monica  Plain,  Ocean  Park  Plain,  Sawtelle  Plain,  part  of 
the  Beverly  Hills,  Ballona  Gap,  and  the  northern  tip  of  the  Baldwin  Hills. 
These  features  are  shown  on  Plate  2  and  discussed  in  detail  in  Chapter  III. 

Recent  alluvium,  the  Lakewood  and  San  Pedro  formations,  and 
some  older  sediments  have  been  identified  in  the  Santa  Monica  Basin 
(Plate  3B).  The  known  aquicludes  and  aquifers,  however,  are  restricted 
to  the  Recent  alluvium  and  the  San  Pedro  formation.  The  Recent  alluvium 
covers  the  Sawtelle  Plain  and  Ballona  Gap  where  it  attains  a  maximum 
thickness  of  about  90  feet.  Included  within  these  sediments  is  a  portion 
of  the  Bellflower  aquiclude  and  the  Ballona  aquifer. 

The  Bellflower  aquiclude  (Plate  9B)  within  the  Recent  alluvium 
consists  of  20  to  40  feet  of  clay  and  sandy  clay  extending  to  a  maximum 
depth  of  about  50  feet  (40  feet  below  sea  level)  below  the  surface  (Plate 
8b).  It  is  also  quite  probable  that  the  Bellflower  aquiclude  is  present 
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in  the  undifferentiated  Lakewood  formation  in  the  Ocean  Park  Plain,  the 
Santa  Monica  Plain,  and  the  Beverly  Hills  area  where  it  would  partially 
restrict  percolation  of  surface  water. 

The  Ballona  aquifer,  called  the  "50-foot  gravel"  in  a  prior 
report  (Calif.  D.  W.  R.  1952a),  consists  of  30  to  50  feet  of  gravel  and 
coarse  sand  (Plate  11B)  and  has  a  maximum  depth  of  70  feet  (60  feet  below 
sea  level)  below  ground  surface  (Plate  10B). 

The  Lakewood  formation  and  the  Older  Dune  Sand  of  late  Pleistocene 
age  cover  most  of  the  northern  half  of  the  Santa  Monica  Basin.  The 
Lakewood  formation  includes  the  weathered,  reddish-brown  continental  de- 
posits covering  the  Santa  Monica  Plain  and  the  sands,  clays  and  con- 
glomerates of  marine  origin  that  form  the  Beverly  Hills.  The  Older  Dune 
Sand  consists  of  sand  and  silt  washed  free  of  clay,  which,  according  to 
Hoots  (1931  )>   "...probably  represents  sand  bars  and  shore-line  bluffs 
that  were  developed  when  the  ocean  stood  at  a  higher  level  with  relation 
to  the  land."  These  Older  Dune  Sands  were  later  modified  by  wind  action. 
The  thickness  of  the  Lakewood  formation  and  the  dune  sand  is  uncertain 
in  this  basin,  but  it  is  known  that  the  Lakewood  formation  thins  out  in 
the  northern  part  of  the  basin  where  it  overlies  the  older  rocks  of  the 
Santa  Monica  Mountains. 

The  San  Pedro  formation  is  found  beneath  the  Recent  alluvium 
over  the  southern  half  of  the  Santa  Monica  Basin  with  no  evidence  of  inter- 
vening Lakewood  materials.  In  the  northern  part  of  the  basin,  the  Lakewood 
formation  is  present  and  in  the  westerly  portion  appears  to  directly 
overlie  Pliocene  and  older  sediments  with  the  San  Pedro  formation  apparently 
missing.   In  the  northeastern  part  of  the  basin,  oil  well  and  fossil 
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data  indicate  that  the  San  Pedro  formation  is  at  least  500  feet  thick. 
In  the  Ballona  Gap  area  available  data  indicate  that  the  San  Pedro  for- 
mation has  a  thickness  of  about  300  feet. 

The  Silverado  aquifer  is  the  only  member  of  the  San  Pedro 
formation  identified  in  the  Santa  Monica  Basin.  It  is  mainly  sand  and 
gravel,  with  a  small  amount  of  clay.  It  ranges  from  100  to  280  feet  in 
thickness,  and  extends  downward  to  elevation  minus  U20  feet,  U50  feet 
below  the  ground  surface  (Plate  6d,  Section  G-G1  ). 

The  San  Pedro  formation  is  underlain  by  sediments  of  Pliocene 
age  in  the  southern  and  northeastern  parts  of  the  Santa  Monica  Basin.  Oil 
well  electric  logs  indicate  that  fresh  water  extends  down  several  hundred 
feet  below  the  base  of  the  San  Pedro  formation  in  the  western  part  of  the 
Ballona  Gap  Area.  In  the  northeastern  part  of  the  basin  available  oil 
well  electric  logs  indicate  that  the  San  Pedro  formation  is  underlain  by 
saline  water-bearing  Pliocene  sediments.  Current  subsurface  work  by  oil 
companies  in  the  northwestern  portion  of  the  basin  may  reveal  the  nature 
of  the  fresh  water-bearing  sediments  there.  Available  outcrops  suggest 
that  the  geology  of  the  San  Pedro  and  older  formations  is  complex  in  that 
area.  Plate  2k,    "Lines  of  Equal  Elevation  on  the  Base  of  Fresh  Water- 
Bearing  Sediments",  indicate  the  spotty  nature  of  the  data  in  this  basin 
by  the  limited  number  of  elevations  shown  for  this  basin. 

The  major  structural  features  of  the  Santa  Monica  Basin  are 
the  unconformity  in  the  northern  part,  which  brings  the  thin  Lakewood 
formation  into  contact  with  the  underlying  Pliocene  and  Miocene  deposits, 
and  a  number  of  faults  in  the  area.  Three  of  these  faults,  the  Inglewood, 
Overland  Avenue  and  Charnock  faults,  (Plate  3B)  have  been  described  pre- 
viously. Several  other  faults  in  the  basin  have  been  reported  in  previous 
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literature.  Hoots  (1931 )  shows  a  small  fault  extending  into  the  basin 
near  Potrero  Canyon.   In  the  "Guide  to  Geology  and  Oil  Fields  of  the 
Los  Angeles  and  Ventura  Regions,  Barbat  (1958)",  postulates  an  east-west 
fault  system  extending  from  north  of  Santa  Monica  to  a  point  about  four 
miles  southeasterly  of  the  Los  Angeles  civic  center.   Poland  (l959a)  also 
shows  a  small  east-west  fault  located  east  of  Santa  Monica,  which  may 
possibly  be  related  to  Barbat' s  fault  system.   These  faults  described  by 
Barbat  and  Poland  are  not  shown  on  the  geologic  map  in  this  report  because 
there  is  no  clear  evidence  that  they  affect  water-bearing  sediments. 

The  Inglewood  fault,  which  forms  the  eastern  boundary  of  the 
Santa  Monica  Basin,  appears  to  be  a  barrier  to  the  movement  of  ground 
water  in  the  area  between  the  Baldwin  Hills  and  a  point  about  one -half 
mile  south  of  Santa  Monica  Boulevard.  North  of  this  point  the  presence 
of  the  fault  is  largely  conjectural;  electric  logs  of  oil  wells  show  a 
deep  zone  of  fresh  water  west  of  where  the  Inglewood  fault  would  be  if 
it  continued  northward.  Water  level  records  in  these  sediments  suggest 
that  in  this  area  the  fault  is  either  not  present  or  does  not  act  as  a 
barrier. 

The  Overland  Avenue  fault  in  Ballona  Gap  also  appears  to  act  as 
a  barrier  to  ground  water  movement  since  ground  water  levels  on  the  east 
side  of  the  fault  are  much  higher  than  on  the  west  side. 

The  Charnock  fault,  the  westernmost  of  the  three  principal 
faults  mentioned,  appears  to  affect  only  slightly  ground  water  movement 
in  the  Santa  Monica  Basin.  It  cuts  the  Silverado  aquifer,  which  shows  a 
displacement  of  about  lQO  feet  (Plate  6A,  Section  A-A" ),  but  leaves  the 
water-bearing  sediments  still  in  juxtaposition.  Ground  water  movement 
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across  the  fault  is  still  possible,  though  ground  water  levels  are  higher 
on  the  west  side  of  the  fault. 

Occurrence  of  Ground  Water 

Ground  water  occurs  in  all  sediments  of  the  Santa  Monica  Basin 
from  Recent  alluvium  to  deposits  of  Miocene  age.  Water  well  information 
is  available  only  where  aquifers  have  been  identified  in  the  Sawtelle  Plain 
and  Ballona  Gap  areas.  In  these  two  areas  ground  water  is  found  in  deposits 
of  Recent  and  lower  Pleistocene  age.  In  the  area  north  of  the  Baldwin 
Hills  between  the  Overland  Avenue  and  Inglewood  faults  (Plate  3B),  oil 
well  data  and  electric  logs  indicate  the  presence  of  water  in  the  undif- 
ferentiated Pleistocene  and  older  formations  as  well. 

Water  levels  in  the  Recent  alluvium  in  the  Sawtelle  Plain  are 
much  higher  than  water  levels  in  wells  that  penetrate  the  older  sediments, 
suggesting  that  a  perched  or  semiperched  aquifer  exists  in  this  area. 

Replenishment  of  ground  water  in  the  Santa  Monica  Basin  is 
mainly  by  percolation  of  precipitation  through  sandy  phases  of  the 
Bellf lower  aquiclude,  the  Lakewood  formation  and  the  Older  Dune  Sand,  and 
by  percolation  of  surface  runoff  into  the  basin  from  the  mountains  to  the 
north.  The  Inglewood  fault  appears  to  inhibit  replenishment  from  the 
Central  Basin  to  the  east.  It  is  possible,  however,  that  ground  water 
does  move  between  the  Santa  Monica  and  Hollywood  Basins  around  the  north 
end  of  the  Inglewood  fault. 

Ground  water  in  the  Santa  Monica  Basin  moves  mainly  toward  the 
south,  in  the  direction  of  Ballona  Gap  (Los  Angeles  County  Flood  Control 
District,  1958)*  Partial  degradation  of  the  ground  water  underlying  the 
western  part  of  Ballona  Gap  has  taken  place  over  the  years  (Calif.  D.  W.  R. 
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1958b)  as  evidenced  by  an  increase  in  the  chloride  content.  Part  of  the 
degradation  may  be  due  to  sea-water  intrusion  into  the  aquifers  because 
water  levels  have  fallen  below  sea  level.  However,  north  of  Ballona  Creek 
in  the  City  of  Santa  Monica,  available  data  suggest  that  minor  subsurface 
flow  toward  the  ocean  may  occur. 

Aquifers  in  Santa  Monica  Basin  generally  have  transmissibility 
rates  less  than  about  100,000  gallons  per  day  per  foot.   In  this  basin,  the 
Silverado  aquifer  has  a  maximum  transmissibility  rate  of  about  150,000 
(see  Plate  26G  "Lines  of  Equal  Transmissibility  of  the  Silverado  Aquifer"), 
and  the  Ballona  aquifer  has  a  maximum  transmissibility  rate  of  about  70,000 
(see  Plate  2.6k,    "Lines  of  Equal  Transmissibility  of  the  Gaspur  and  Ballona 
Aquifers").  Because  thickness  of  aquifers  is  poorly  known  in  the  north  por- 
tion of  the  basin,  transmissibility  rates  are  not  shown  there,  but  they  ap- 
pear to  be  increasing  in  that  direction.  However,  the  rates  would  decrease 
as  the  Santa  Monica  Mountains  are  approached  and  the  aquifers  become  thinner. 

Changes  in  storage  and  free  ground  water  conditions  could  possibly 
occur  along  the  north  edge  of  the  Baldwin  Hills  and  the  south  edge  of  the 
Santa  Monica  Mountains  where  the  Lakewood  and  San  Pedro  formations  crop  out 
at  the  surface.  Free  ground  water  conditions  also  may  exist  near  the  coast 
in  the  Ballona  Gap  area  where  the  Bellflower  aquiclude  is  missing. 

Total  storage  to  the  base  of  the  Sunnyside  aquifer,  or  Silverado 
aquifer  where  the  Sunnyside  is  missing,  amounts  to  about  1,100,000  acre-feet. 
Historically  utilized  storage  is  difficult  to  determine  because  of  the  paucity 
of  information  available.  It  probably  has  amounted  to  about  38,000  acre-feet 
since  190Ji,  and  occurs  in  both  shallow  and  deep  aquifers.   Storage  between 
historical  high  water  levels  which  occurred  in  I90U  and  sea  level  is  about 
36,000  acre-feet. 
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West  Coast  Basin 

The  West  Coast  Basin  extends  southwesterly  from  the  Newport - 
Inglewood  uplift  to  Santa  Monica  Bay,  to  the  drainage  divide  on  the  Palos 
Verdes  Hills,  and  to  San  Pedro  Bay.   It  extends  from  the  Ballona  Escarpment 
and  Baldwin  Hills  on  the  northwest  to  the  Los  Angeles-Orange  County  line 
on  the  southeast.   The  basin  boundaries  are  defined  in  the  Report  of 
Referee  (Calif.  D.W.R.  1952a). 

Mendenhall  (1905b)  referred  to  this  area  as  the  "Western  Coastal 
Plain  Region".   In  Bulletin  No.  U5  (Calif.  D.W.R.  I93U)  Eckis  used  the 
term  "West  Basin  -  Southern  Area"  for  the  West  Coast  Basin,  which  was  slightly 
modified  to  "West  Coastal  Plain  -  South"  in  Bulletin  No.  53  (Calif.  D.W.R. 
19^7)-   The  term  "West  Coast  Basin"  was  officially  accepted  in  the  Report  of 
Referee  (Calif.  D.W.R.  1952a;  and  has  remained  in  use  from  that  time. 

Plates  6A  and  6G  and  plates  showing  lines  of  equal  elevation 
and  lines  of  equal  thickness  of  those  aquifers  in  the  West  Coast  Basin 
were  based  mainly  on  data  taken  from  the  Report  of  Referee  (Calif .  DWR, 
1952a).  However,  in  some  areas,  particularly  along  the  coast  line,  the 
subsurface  geology  was  modified  pursuant  to  unpublished  information  obtained 
from  the  Los  Angeles  County  Flood  Control  District.   This  district  has 
undertaken  extensive  subsurface  geologic  exploration  in  connection  with 
their  studies  of  sea  water  barrier  construction  along  Santa  Monica  Bay  that 
will  provide  valuable  detailed  information  on  the  geology  of  these  areas. 
In  the  Long  Beach  Plain  data  are  seriously  lacking  because  only  a  few 
wells  have  been  drilled. 
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Geologic  Features 

Physiographic  features  of  the  West  Coast  Basin  are  the  Torrance 
and  Long  Beach  Plains,  the  El  Segundo  Sand  Hills,  the  Dominguez  and  Alamitos 
Gaps,  and  portions  of  the  Baldwin  Hills,  the  Rosecrans  Hills,  Dominguez 
Hill,  Signal  Hill,  and  the  Palos  Verdes  Hills  (Plate  2).   The  continuity 
of  the  Newport -Inglewood  belt  of  hills,  which  flanks  the  West  Coast  Basin 
on  the  northeast,  is  broken  by  Dominguez  and  Alamitos  Gaps,  which  are 
stream-cut  channels  eroded  and  backfilled  by  ancestral  rivers.   Most  of 
the  basin  consists  of  a  gentle,  poorly  drained  plain  flanked  by  the  partly 
eroded  highland  areas  of  the  Newport-Inglewood  belt  of  hills  and  the  heavily 
eroded  Palos  Verdes  Hills.   Toward  Santa  Monica  Bay,  a  wide  belt  of  sand 
dunes,  containing  many  closed  depressions,  form  the  El  Segundo  Sand  Hills. 

Sediments  of  the  Recent  Series  and  the  Lakewood  and  San  Pedro 
formations  of  the  Pleistocene  Series  have  been  identified  within  the  West 
Coast  Basin.   The  principal  aquifers  in  these  series  are  discussed  below. 

The  Recent  Series  has  two  main  divisions  -  the  Active  Dune  Sand 
and  the  Recent  alluvium.   The  Active  Dune  Sand  occurs  along  the  coast 
bordering  Santa  Monica  Bay  and  extends  inland  for  a  maximum  distance  of 
about  one-half  mile.   Some  of  these  dunes  are  70  feet  thick.   The  Recent 
alluvium  occurs  mainly  in  the  Gardena  area  and  within  Dominguez  Gap,  with 
a  lobe  extending  northwesterly  from  Dominguez  Gap  between  Dominguez  Channel 
and  Dominguez  Hill.  Another  small  sinuous  area  of  alluvium  extends  into 
Bixby  Slough  from  San  Pedro  Harbor.   Irregular  patches  also  occur  south  of 
Torrance.   Members  of  the  Recent  alluvium  include  the  Semiperched  aquifer, 
the  Bellflower  aquiclude,  the  Gaspur  aquifer,  and  miscellaneous  beach, 
playa  lake,  and  lagoonal  marshland  deposits. 
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The  Recent  portion  of  the  Semiperched  aquifer  occurs  only  in 
Dominguez  and  Alamitos  Gaps.   It  consists  of  sand,  silty  sand,  silt  and 
clay.   The  Semiperched  aquifer  can  be  detected  in  well  logs,  hut  water 
level  measurements  have  been  obtained  from  only  a  few  test  holes.  Avail- 
able evidence  indicates  that  water  levels  in  the  Semiperched  aquifer  are 
generally  above  water  levels  in  the  Gaspur  aquifer.  Water  in  the  Semi- 
perched aquifer  is  generally  of  poor  quality. 

The  Recent  part  of  the  Bellflower  aquiclude  occurs  in  Dominguez 
Gap  where  it  overlies  the  Gaspur  aquifer,  and  ranges  in  thickness  from 
kO   to  80  feet  (Plate  <$£>) .   The  upper  part  of  the  aquiclude  is  sandy  silt 
or  sandy  clay. 

The  Gaspur  aquifer,  entirely  of  Recent  age,  occurs  only  in 
Dominguez  Gap.   It  has  been  slightly  deformed  over  the  Cherry  Hill  fault 
in  such  a  manner  that  its  base  rises  to  an  elevation  of  80  feet  below  sea 
level.   It  reaches  a  maximum  known  depth  of  about  lUO  feet  below  sea  level 
near  Terminal  Island  (Plate  10B).   Through  the  gap  it  is  J+0  to  80  feet  thick 
(see  Plate  11B).  These  coarse  sands  and  gravels  are  confined  and  produce 
large  quantities  of  water.  Extensive  sea-water  intrusion  into  this  aquifer 
is  evidence  that  it  is  exposed  to  the  ocean.   The  connection  with  the  ocean 
may  occur  some  distance  offshore  or  may  be  through  permeable  overlying 
materials  closer  to  shore  or  possibly  both. 

Upper  Pleistocene  deposits  include  the  Older  Dune  Sand  and  the 
Lakewood  formation.   The  Older  Dune  Sand  occurs  in  a  band  from  about  three 
to  four  miles  wide  inland  from  Santa  Monica  Bay,  extending  from  the  Ballona 
Escarpment  to  the  Torrance  area.   It  forms  the  major  part  of  the  El  Segundo 
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Sand  Hills.  Since  deposition,  the  Older  Dune  Sand  has  been  tilted, 
weathered,  eroded,  and  further  altered  by  cementation  and  leaching  processes. 
Surface  water  percolates  into  the  dunes  from  closed  depressions  after  neavy 
rains.  Ground  water  is  not,  however,  extracted  from  the  Older  Dune  Sand 
although  some  perched  water  bodies  may  occur. 

Divisions  of  the  Lakewood  formation  in  the  West  Coast  Basin  include 
the  Semiperched  aquifer,  the  Bellf lower  aquiclude,  the  Gardena  aquifer,  and 
the  Gage  aquifer.  Those  deposits  previously  known  as  Terrace  Cover  and  the 
Palos  Verdes  sand  constitute  that  part  of  the  Semiperched  aquifer  that  is 
of  late  Pleistocene  age.  These  sediments  may  have  been  deposited  at  the 
same  time  as  the  Artesia-Exposition  aquifers  in  the  Central  Basin. 

Underlying  both  the  Older  Dune  Sand  and  the  Semiperched  aquifer 
is  that  part  of  the  Bellf lower  aquiclude  which  is  of  late  Pleistocene  age; 
it  has  been  previously  called  the  fine-grained  phase  of  the  Unnamed  Upper 
Pleistocene  Deposits.  In  the  West  Coast  Basin,  the  Bellf lower  aquiclude 
overlies  most  of  the  Newport-Ingleood  uplift  and  Torrance  Plain  though  it  is 
missing  over  the  Baldwin  Hills.  It  reaches  a  maximum  depth  of  1*4-0  feet 
below  sea  level  (Plate  8B)  and  ranges  up  to  200  feet  in  thickness  (Plate 
9B).  This  heterogeneous  mixture  of  continental,  marine,  and  wind-blown 
sediments  is  generally  fine-grained,  consisting  of  silty  clays  and  clays. 
It  also  contains  lenses  of  sandy  or  gravelly  clays  which  may  be  permeable 
enough  to  permit  water  to  move  vertically  downward  from  the  overlying  Semi- 
perched aquifer  to  the  underlying  aquifers.  It  is  not  significant  as  a  source 
of  ground  water.  The  Gardens  and  Gage  aquifers  are  constituted  of  part  of 
those  sediments  previously  referred  to  as  Unnamed  Upper  Pleistocene  Deposits. 
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The  Gardena  aquifer  extends  westward  from  Lynwood  over  the  Newport- 
Inglewood  uplift  to  Redondo  Beach.  It  was  deposited  by  an  ancestral  stream 
during  a  rise  in  sea  level  and  has  since  been  folded  over  the  uplift.  The 
aquifer  is  composed  of  sand  and  gravel  with  a  few  discontinuous  lenses  of 
sandy  silt.  It  reaches  a  maximum  depth  of  200  feet  below  sea  level  (Plate 
12B)  and  is  as  much  as  160  feet  in  thickness  (Plate  13B).  Permeability  is 
high  in  the  Gardena  aquifer,  as  evidenced  by  the  many  wells  which  tap  this 
aquifer  near  the  City  of  Gardena.  Yields  are  high  and  range  from  100  to 
1,300  gallons  per  minute.  Recharge  to  the  aquifer  occurs  primarily  in  the 
Downey  Plain  and  water  is  transmitted  through  the  aquifer  into  the  West 
Coast  Basin.  Some  additional  recharge  is  received  by  the  Gardena  aquifer 
from  the  overlying  Semiperched  aquifer  and  Active  Dune  Sand,  and  from  the  Gage 
aquifer,  with  which  it  is  in  hydraulic  continuity. 

The  Gage  aquifer  (previously  known  as  the  "200- foot  sand")  extends 
over  most  of  the  West  Coast  Basin  except  for  the  Long  Beach  Plain.  It  is 
merged  with  the  underlying  aquifers  near  Torrance  and  south  of  the  Ballona 
Escarpment  along  Santa  Monica  Bay.  Except  for  local  areas  the  Gage  aquifer 
is  confined  by  the  Bellf lower  aquiclude.  In  the  vicinity  of  Torrance,  the 
Gage  aquifer  reaches  a  depth  of  25O  feet  below  sea  level  (Plate  12B)  and 
attains  a  thickness  of  160  feet  (Plate  13B).  It  is  composed  chiefly  of  sand 
with  minor  amounts  of  gravel  and  thin  beds  of  silt  and  clay.  The  aquifer 
exhibits  moderate  to  low  permeability  and  therefore  is  of  secondary  importance 
as  a  ground  water  producer  in  the  West  Coast  Basin.  The  few  wells  extracting 
from  this  aquifer  supply  water  for  domestic  and  irrigation  purposes. 

Lower  Pleistocene  deposits  are  represented  in  the  West  Coast  Basin 
by  the  San  Pedro  formation,  which  is  of  marine  origin.  The  San  Pedro 
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formation  includes  two  main  aquifers,  the  Lynwood  and  the  Silverado.   Out- 
crops of  the  San  Pedro  formation  occur  on  the  Baldwin  Hills,  along  the 
northeastern  margin  of  the  Palos  Verdes  Hills,  and  on  Signal  Hill.  Portions 
of  the  Santa  Monica  and  San  Pedro  shelves  in  the  ocean  are  underlain  by  it. 
The  San  Pedro  formation  thickens  along  the  Gardena  syncline  from  U00  feet 
near  Ballona  Gap  to  more  than  a  thousand  feet  in  Dominguez  Gap.   It  has 
"been  offset  by  the  Charnock,  Inglewood,  Potrero,  Avalon-Compton,  Cherry  Hill 
and  Northeast  Flank  faults. 

The  uppermost  aquifer  of  the  San  Pedro  formation  in  West  Coast 
Basin,  the  Lynwood  aquifer  (previously  known  as  the  "UOO-foot  gravel"),  is 
composed,  in  the  northern  and  central  parts  of  the  basin,  of  sand  and  gravel 
with  lesser  amounts  of  sand;y  silt,  silt,  and  clay.   South  of  Gardena  the 
gravel  is  missing  and  the  aquifer  consists  mainly  of  sand  and  sandy  silt. 
The  Lynwood  aquifer  attains  its  maximum  thickness  of  200  feet  one  mile  west 
of  the  intersection  of  Alameda  Street  and  Sepulveda  Boulevard  (Plate  19B). 
Just  one  mile  northwest  of  Gardena  it  reaches  its  greatest  depth,  550  feet 
below  sea  level  (Plate  18B).   The  Lynwood  aquifer  is  confined  throughout 
the  West  Coast  Basin  except  in  those  areas  where  it  merges  with  the  over- 
lying Gage  aquifer  (Plate  l8B).   It  also  merges  with  the  underlying  Silverado 
aquifer  along  Santa  Monica  Bay  and  along  the  Newport-Inglewood  uplift. 

About  ten  percent  of  the  wells  in  West  Coast  Basin  are  per- 
forated in  the  Lynwood  aquifer.   These  wells  are  located  primarily  in  the 
Torrance,  Compton,  and  Inglewood  areas.   Few  of  them  draw  water  solely  from 
the  Lynwood  aquifer  because  they  are  usually  perforated  in  other  aquifers 
as  well.   Yields  of  500  and  600  gallons  per  minute  have  been  reported. 
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Deposits  of  the  Silverado  aquifer,  the  lower  defined  aquifer  of 
the  San  Pedro  Formation  in  the  West  Coast  Basin,  consist  of  fine  to  coarse- 
grained, blue-grey  sands  and  gravels  that  are  continuous  over  most  of  the 
area  hut  are  interbedded  in  some  places  with  discontinuous  layers  of  rela- 
tively impermeable  sandy  silt,  silt,  and  clay.   These  highly  permeable  marine 
deposits  reach  a  maximum  thickness  of  50°  feet  (Plate  21B)  between  the 
Wilmington  anticline  and  the  Cherry  Hill  fault.   The  Silverado  aquifer 
reaches  its  maximum  depth  at  elevation  1,200  feet  below  sea  level  (Plate 
2QB),  in  Dominguez  Gap.   It  also  is  most  permeable  in  this  area.   The 
Silverado  aquifer  is  merged  with  the  overlying  Lynwood  aquifer  along  the 
coast  from  Ballona  Gap  to  Redondo  Beach,  along  the  north  flank  of  the  Palos 
Verdes  Hills,  beneath  the  central  and  southern  part  of  the  Rosecrans  Hills 
and  the  northern  part  of  Dominguez  Hill  (Plate  20B).  Near  Redondo  Beach 
and  Hermosa  Beach,  the  merged  Lynwood-Silverado  aquifers  are  in  hydraulic 
continuity  with  the  overlying  Gardena  aquifer;  from  Hermosa  Beach  to  Ballona 
Gap,  and  along  the  north  flank  of  the  Palos  Verdes  Hills  they  are  in  con- 
tinuity with  the  Gage  aquifer. 

Beneath  the  Silverado  aquifer  in  some  parts  of  the  West  Coast  Basin 
are  500  "to  700  feet  of  fresh  water-bearing  materials  of  the  San  Pedro  and 
probable  Pico  formations  which  have  not  been  identified  as  an  aquifer  or 
aquifers.   The  approximate  elevation  of  these  fresh  water-bearing  materials 
is  shown  on  Plate  2kB.     Along  the  coast  from  Redondo  Beach  to  the  Ballona 
Escarpment  these  deposits  are  coarse  sands  and  gravels  which  correspond  in 
age  and  thickness  to  the  Sunnyside  aquifer  in  the  Central  Basin.   Over  the 
rest  of  the  basin  these  deposits  are  fine-grained  and  act  as  an  aquiclude. 
The  upper  division  of  the  Pico  formation  consists  of  relatively  impermeable 
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micaceous  silt  and  clay  members  interbedded  with  fresh  water  sands  and  lenses 
of  gravel.  Water  contained  in  deeper  Pliocene  sediments  is  mostly  saline. 

As  previously  stated,  the  Newport-Inglewood  uplift  exerts  a  partial 
barrier  effect  on  ground  water  movement  from  the  Central  Basin  into  the  West 
Coast  Basin,  especially  in  the  Pleistocene  aquifers,  hy  offsetting,  elevating, 
or  thinning  of  the  aquifers  which  pass  over  it.  Lithologic  changes  and 
thinning  across  the  uplift  have  been  due  primarily  to  movement  during  deposi- 
tion of  aquifers  and  the  faulting  and  elevation  which  followed.  Because  of 
its  elevation  this  area  apparently  has  acted  as  a  boundary  for  the  Artesia- 
Exposition,  Hollydale,  and  Jefferson  aquifers  during  their  deposition  hy 
controlling  alluviation  and  restricting  the  aquifers  to  the  Central  Basin. 

Pleistocene  and  older  formations  that  continue  across  the  Newport- 
Inglewood  uplift  into  West  Coast  Basin  are  sharply  downwarped  into  a  complex 
regional  basin  structure,  the  Hawthorne -Long  Beach  depression  immediately  to 
the  west  of  the  uplift.  Many  secondary  structures  interrupt  the  regularity 
of  this  regional  downwarp.  One  of  these  secondary  structures  is  the  Gardens 
syncline,  which  parallels  the  Newport-Inglewood  uplift.  It  plunges  toward 
the  southeast  and  is  faulted  in  the  northern  part  of  the  West  Coast  Basin 
by  the  Charnock  fault.  West  of  the  Charnock  fault,  the  water-bearing  deposits 
rise  toward  the  ocean  with  a  gentle  slope,  while  in  the  southern  portion  of 
the  West  Coast  Basin  they  are  deformed  over  the  Torrance,  Wilmington,  and 
Gaffey  anticlines  and  downwarped  by  the  Gaffey  syncline.  Farther  to  the 
southwest  the  water-bearing  materials  lap  onto  the  northeast  slope  of  the 
Palos  Verdes  Hills,  a  structural  highland  composed  of  Miocene  and  older  rocks. 
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Occurrence  of  Ground  Water 

Ground  water  occurs  in  Recent  and  Pleistocene  aquifers  throughout 
the  West  Coast  Basin,  and  some  fresh  water  occurs  in  the  underlying  Pliocene 
sediments.   The  Semiperched  aquifer  of  both  Recent  and  late  Pleistocene  age 
is  unconfined.   The  water  in  underlying  aquifers  is  confined  throughout 
most  of  the  basin,  though  the  Gage  and  Gardena  aquifers  are  unconfined  where 
water  levels  have  dropped  below  the  Bellflower  aquiclude  on  the  Newport- 
Inglewood  belt  of  hills  and  in  the  northwest  corner  of  the  basin. 

The  major  fresh  water  replenishment  to  the  basin  occurs  by  sub- 
surface flow  across  the  Newport -Inglewood  uplift,  also  subsurface  flows 
which  have  become  increasingly  saline  occur  from  the  seaward  extensions  of 
the  aquifers  under  the  influence  of  a  landward  hydraulic  gradient.  The 
merged  Silverado-Lynwood-Gardena-Gage  aquifers  are  in  hydraulic  continuity 
with  Santa  Monica  Bay,  while  only  the  Gaspur  aquifer  appears  to  be  in 
hydraulic  continuity  with  San  Pedro  Bay.  Subsurface  flow  occurs  between  the 
Santa  Monica  and  West  Coast  Basins,  with  the  direction  of  flow  depending 
on  the  direction  of  the  hydraulic  gradient. 

Subsurface  flow  across  the  Newport-Inglewood  uplift  is  controlled 
by  the  difference  in  water  levels  between  the  Central  Basin  and  West  Coast 
Basin  (which  is  itself  influenced  by  the  withdrawals,  outflow,  and  replenish- 
ment measures  taken  in  either  basin),  by  the  dewatering  of  the  aquifers 
along  the  crest  of  the  uplift,  and  by  the  degree  to  which  the  faults  and 
folds  act  as  barriers  to  ground  water  flow.  The  barrier  effect  may  depend 
on  cementation  along  fault  zones,  lithologic  changes  which  in  turn  affect 
permeability,  and  the  varying  thicknesses  of  aquifers  over  the  uplift. 
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Subsurface  inflow  across  the  Newport -Ingle wood  uplift  occurs  in  the  Gaspur 
aquifer  of  Recent  age  and  through  the  Gage,  Gardena,  Lynwood,  and  Silverado 
aquifers  of  late  and  early  Pleistocene  age. 

The  Baldwin  Hills  are  an  effective  barrier  to  ground  water  move- 
ment. South  of  the  Baldwin  Hills,  the  Inglewood  fault,  in  conjunction  with 
the  Potrero  fault  and  other  transverse  faults  associated  with  it,  acts  as  a 
barrier,  which,  although  relatively  impervious,  is  not  completely  water 
tight.  The  Lynwood  aquifer  has  not  been  delineated  in  this  fault  zone 
because  of  insufficient  data.  The  Silverado  aquifer  continues  through 
the  most  southerly  block  of  this  fault  zone. 

From  the  physical  characteristics  of  the  aquifers  extending  across 
the  Rosecrans  anticline,  a  barrier  effect  would  not  be  expected;  however,  a 
differential  in  water  levels  does  exist  across  the  anticline  indicating  at 
least  a  partial  structural  barrier  effect. 

South  of  the  Rosecrans  anticline  the  Avalon-Compton  fault  acts  as 
a  barrier  to  ground  water  movement  only  in  the  deeper  lower  Pleistocene 
deposits.   The  younger,  overlying  Lynwood  aquifer  and  aquifers  of  the 
Lakewood  formation  extend  across  this  barrier  without  offset. 

Both  the  Lakewood  and  San  Pedro  formations  continue  without  inter- 
ruption over  the  Dominguez  anticline,  though  wells  producing  from  the  San 
Pedro  formation  show  a  discontinuity  in  water  levels.  Within  Dominguez 
Gap,  no  barrier  effects  are  found  in  the  Gaspur  and  Semiperched  aquifers. 
The  Lakewood  formation  also  appears  to  be  continuous,  although  warped, 
across  the  Cherry  Hill  fault.   The  San  Pedro  formation  is  in  partial  con- 
tinuity across  the  fault  but  wells  utilizing  the  Silverado  aquifer  show  a 
barrier  effect. 
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The  Cherry  Hill  fault,  along  the  west  side  of  Signal  Hill,  has 
offset  all  aquifers.  However,  ground  water  movement  across  the  fault  is 
maintained  and  hydraulic  continuity  preserved  by  entirely  different  aquifers 
abutting  against  each  other  on  opposite  sides  of  the  fault.  Southeast  of 
Signal  Hill,  the  Cherry  Hill  and  Reservoir  Hill  faults  act  as  barriers  to 
ground  water  movement  in  all  aquifers.  Poland  ( 1959a) >  states  that  the 
barrier  effect  on  Signal  Hill  may  be  interrupted  by  a  gap  1,000  feet  wide 
between  the  Northeast  Flank  and  Reservoir  Hill  faults,  an  area  in  which  sea- 
water  intrusion  may  occur. 

Within  Alamitos  Gap,  the  Seal  Beach  fault  does  not  sever  hydraulic 
communication  within  the  Recent  deposits,  which  extend  to  a  depth  of  about 
100  feet.  Below  this  depth,  the  fault  forms  a  substantial  barrier  to 
ground  water  movement  through  the  aquifers  of  the  Lakewood  and  San  Pedro 
formations,  which  rise  unconformably  toward  the  fault  on  the  inland  side. 
Seaward  from  the  Seal  Beach  fault,  the  Lakewood  formation  is  absent,  and 
aquifers  of  the  San  Pedro  formation  directly  underlie  Recent  deposits. 

Minor  replenishment  to  the  West  Coast  Basin  occurs  in  the  form  of 
surface  inflow  from  both  the  Los  Angeles  and  San  Gabriel  Rivers  which  cross 
the  Newport -Inglewood  uplift  through  Dominguez  and  Alamitos  Gaps,  respectively. 
However,  lining  of  the  Los  Angeles  River  in  the  West  Coast  Basin  north  of 
Willow  Street  (Sepulveda  Boulevard)  was  completed  in  1956,  thereby  elimi- 
nating recharge  to  the  Basin  in  this  area.  Between  Willow  Street  and 
Terminal  Island,  the  bed  of  Los  Angeles  River  is  not  lined  and  has  a  sandy 
bottom  with  riprap  sides.  Because  the  channel  section  and  the  wetted  peri- 
meter have  been  reduced,  infiltration  through  the  river  sands  has  decreased. 
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The  San  Gabriel  River  has  not  been  lined  although  a  program  of  such  lining 
has  been  proposed.   In  Alamitos  Gap,  therefore,  some  infiltration  of  stream 
flow  still  may  occur  into  the  Recent  alluvial  deposits.  However,  because 
the  reach  between  the  Seal  Beach  fault  and  the  Pacific  Ocean  is  only  one 
and  one-quarter  miles  in  length,  the  quantity  of  infiltration  involved  is 
probably  minor. 

Changes  in  ground  water  levels  in  the  West  Coast  Basin  do  not 
generally  reflect  seasonal  variations  of  precipitation.  Therefore  it  is 
believed  that  the  annual  quantity  of  recharge  effected  by  percolation  of 
precipitation  is  small. 

Other  sources  of  recharge  by  infiltration  from  the  surface  include 
return  irrigation  water  from  fields  and  lawns,  industrial  waters,  oil  field 
brines,  and  other  applied  surface  waters.  Poor  surface  drainage  in  the 
past  resulted  in  large  expanses  of  swamp  and  slough,  but  these  conditions 
have  been  improved  by  the  channelization  of  Dominguez  Creek  and  improved 
street  drainage.  At  the  present  time,  some  surface  drainage  still  collects 
in  the  low  areas  until  it  disappears  by  slow  infiltration  or  evapo-transpi- 
ration  processes . 

Near  surface  replenishment  is  from  infiltration  of  cesspool 
effluent  and  leakage  from  water  distribution  systems.  These  surface  and 
near  surface  waters  are  somewhat  restricted  from  moving  downward  by  the 
Bellflower  aquiclude  and  therefore  may  remain  within  the  Semiperched  aquifer. 
Some  of  this  water  also  moves  downward  through  permeable  sections  of  abandoned 
wells  which  may  serve  as  conduits  between  aquifers.  Improper  abandonment 
of  such  wells  needs  to  be  restricted  to  prevent  poor  quality  surface  water 
from  gaining  access  to  the  deeper  horizons. 
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In  the  following  discussion,  the  ground  water  movement  throughout 
the  West  Coast  Basin  was  derived  from  the  most  readily  available  ground 
water  level  contours  which  are  reproduced  in  Appendix  B,  "Safe  Yield 
Determinations",  to  Bulletin  No.  lCA.  Although  "troughs"  or  "lows",  which 
develop  in  both  piezometric  and  free  ground  water  areas,  may  migrate  slightly 
from  spring  to  fall  in  a  given  year,  or  from  year  to  year,  historical  data 
from  1932  to  the  present  show  that  the  general  pattern  has  not  particularly 
changed. 

In  the  spring  of  195&,  water  levels  of  wells  perforated  in  the 
Gaspur  aquifer  indicated  ground  water  movement  toward  two  pumping  depressions 
in  Dominguez  Gap,  one  midway  between  the  Cherry  Hill  fault  and  Long  Beach 
Harbor  and  the  other  near  Long  Beach  Harbor  itself. 

In  1959  subsurface  inflow  in  the  deeper  aquifers  occurred  across 
the  Ballona  Escarpment  from  the  Santa  Monica  Basin  and  moved  southeasterly 
between  the  Charnock  fault  and  the  structures  of  the  Newport-Inglewood  up- 
lift toward  a  pumping  depression  near  Hawthorne.  A  general  low  or  trough 
is  aligned  along  the  Gardena  syncline  and  extends  from  Gardena  southeastward 
toward  Dominguez  Gap.  Piezometric  levels  reach  a  low  elevation  in  the 
vicinity  of  Carson  Street  and  Wilmington  Avenue.   Into  this  trough  moves 
westerly  flowing  water  which  crosses  the  uplift  between  the  Rosecrans  anti- 
cline and  the  Avalon-Compton  fault,  and  easterly  flowing  water  from  Redondo 
Beach  and  Hermosa  Beach.  A  third  major  trough  or  pumping  depression  is 
centered  just  east  of  El  Segundo.  Water  flows  into  it  from  that  part  of 
the  coast  between  Manhattan  Beach  and  the  Eallona  Escarpment. 

Discharge  of  ground  water  from  the  basin  under  present  conditions 
occurs  primarily  by  pumping  extractions.   Some  subsurface  outflow  has 
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occurred  historically  to  the  north  into  the  Santa  Monica  Basin  and  to  the 
west  and  south  to  the  ocean;  however,  with  the  prevailing  below-sea-level 
water  levels,  the  subsurface  flow  is  into  the  basin  and  sea  water  has 
intruded  along  the  coastline.  Should  the  water  levels  be  raised  above  sea 
level,  subsurface  outflow  could  once  again  occur. 

Aquifers  in  West  Coast  Basin  have  extremely  variable  rates  of 
transmissibility.  The  Silverado  aquifer  (Plate  26g)  has  the  highest  trans- 
missibility  rate,  averaging  about  150,000  gallons  per  day  per  foot  of  width 
with  a  maximum  of  about  U00, 000  gallons  per  day  per  foot  near  Torrance  and 
near  the  intersection  of  Alameda  and  Sepulveda  Boulevards.   The  other  aquifers 
generally  have  lower  transmissibility  rates  since  they  are  thinner  and  have 
smaller  grain  sizes.  The  Gaspur  (Plate  26A),Gage,  and  Gardena  aquifers 
(Plate  26c)  "Lines  of  Equal  Transmissibility  of  the  Gage  and  Gardena  Aquifers", 
Lynwood  aquifer  (Plate  26F),  "Lines  of  Equal  Transmissibility  of  the  Lynwood 
Aquifer"  have  transmissibility  rates  of  about  50,000  to  100,000  gallons  per 
day  per  foot,  in  West  Coast  Basin.  In  general,  transmissibility  rates  near 
the  ocean  are  lower  than  they  are  in  the  center  of  the  basin.  Although  the 
combined  transmissibility  rates  of  all  aquifers  are  low  along  some  parts 
of  the  Newport -Inglewood  uplift,  they  are  relatively  high  in  other  portions, 
particularly  in  the  Dominguez  Gap  north  of  Long  Beach.   This  is  shown  on 
Plate  26l,  "Generalized  Lines  of  Equal  Transmissibility  of  the  Combined 
Aquifers." 

Change  in  ground  water  storage  occurs  within  the  merged  areas 
along  the  Newport -Inglewood  uplift,  near  the  Palos  Verdes  Hills,  along  the 
northwest  corner  of  Torrance  Plain,  and  to  a  minor  extent  within  Alamitos 
and  Dominguez  Gaps.  Change  in  ground  water  storage  has  also  occurred  in 
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parts  of  the  Semlperched  aquifer  and  also  the  Bellflower  aquiclude  where 
piezometric  levels  have  been  lowered  below  its  surface.   Total  storage  to 
the  base  of  the  Silverado  aquifer,  the  deepest  aquifer  delineated  in  the 
West  Coast  Basin,  is  about  6,500,000  acre-feet.  Historically  utilized 
storage  since  19CA-  amounts  to  about  300,000  acre-feet.   Most  of  this  change 
in  storage  occurred  in  the  Gage-Gardena  aquifer,  which  is  classified  as  a 
shallow  aquifer.   Small  additional  changes  in  storage  have  occurred  in  the 
deeper  aquifers  where  they  crop  out  along  the  northeastern  side  of  the 
Palos  Verdes  Hills  and  along  the  southern  slope  of  the  Baldwin  Hills.   The 
storage  capacity  between  the  historical  high  water  levels  which  occurred 
in  I90U  and  sea  level  is  about  120,000  acre-feet. 

Hollywood  Basin 

The  Hollywood  Basin  extends  from  the  Santa  Monica  Mountains  south- 
ward to  an  arbitrary  line  which  roughly  parallels  the  crest  of  the  La  Brea 
high,  a  subsurface  structural  feature  beneath  the  La  Brea  Plain.  Its  western 
and  eastern  boundaries  are  the  Inglewood  fault  and  the  Elysian  Hills,  respec- 
tively (Plate  2).   In  Bulletin  No.  U5  (Calif.  D.W.R.  193*0  the  name  "Hollywood 
Basin"  was  first  used  for  the  area  just  described,  although  in  more  recent 
hydrologic  studies,  such  as  the  State  Water  Resources  Board  Bulletin  No.  8, 
"Central  Basin  Investigation",  1952,  the  basin  was  considered  a  part  of  the 
Central  Basin. 

Many  water  wells  were  present  in  the  Hollywood  Basin  around  the 
turn  of  the  century,  and  ground  water  was  the  chief  source  of  supply  for 
irrigation  and  domestic  use  (Mendenhall,  1905b).   Most  of  these  wells  have 
been  since  destroyed  as  land  use  changed  from  agricultural  to  urban.   Most 
of  the  available  water  well  data  in  the  Hollywood  Basin  are  restricted  to 
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the  deep  portion  of  the  Hollywood  syncline  near  the  southern  edge  of  the 
Santa  Monica  Mountains  next  to  the  Inglewood  fault.   Comparatively  few 
wells  have  been  drilled  in  other  parts  of  the  "basin. 

Geologic  Features 

The  Hollywood  Basin  is  overlain  by  the  Hollywood  Piedmont  Slope 
and  part  of  the  La  Brea  Plain  (Plate  2).   The  sediments  containing  known 
aquifers  extend  to  a  maximum  depth  of  65O  feet  (I+IO  feet  below  sea  level) 
and  include  Recent  alluvium  and  the  Lakewood  and  San  Pedro  formations  of 
Pleistocene  age. 

The  Recent  alluvium  covers  about  one-half  of  the  basin;  it  ranges 
in  thickness  from  about  5  to  35  feet  (Plate  6G,  section  H-H').   Near  the 
Santa  Monica  Mountains  and  in  the  western  end  of  the  basin,  available  well 
logs  and  excavations  indicate  that  the  alluvium  consists  of  relatively 
coarse  sand  and  gravel.   Some  Semiperched  water  may  be  present  although 
aquifers  have  not  been  differentiated.   Since  the  alluvium  is  thin  over 
much  of  the  area,  it  is  improbable  that  any  appreciable  quantity  of  water 
could  be  withdrawn  from  it . 

The  Lakewood  formation  of  late  Pleistocene  age  extends  over  the 
whole  of  the  Hollywood  Basin  and  crops  out  at  the  surface  in  the  southern 
half  of  the  area.   It  includes  the  Bellflower  aquiclude  and  the  Exposition 
and  Gage  aquifers.   The  Bellflower  aquiclude  consists  of  silty  clay  and 
clay  ranging  from  5  to  35  feet  in  thickness  (Plate  6G,  Section  H-H1)-   I* 
extends  upward  from  the  top  of  the  Exposition  aquifer  to  the  base  of  the 
Recent  alluvium  or  to  the  surface  in  areas  where  no  Recent  sediments  are 
present. 


-1*3- 


The  Exposition  aquifer  consists  of  20  to  60  feet  (Plate  11A)  of 
sand  and  gravel  with  some  interbedded  clay,  and  attains  a  maximum  depth  of 
150  feet  (elevation  20  feet,  Plate  10A). 

The  Gage  aquifer  is  the  major  water-hearing  member  of  the  Lakewood 
formation  in  the  Hollywood  Basin;  it  consists  of  20  to  80  feet  (Plate  13A) 
of  sand  and  gravel  with  interbedded  clay,  and  attains  a  maximum  depth  of 
260  feet  (100  feet  below  sea  level)  in  some  areas  (Plate  12A).   The  Gage 
aquifer  is  merged  with  the  overlying  Exposition  aquifer  over  a  large  area 
in  the  northern  and  eastern  part  of  the  basin  (Plate  12A). 

The  San  Pedro  formation  of  early  Pleistocene  age  contains  the 
Jefferson,  Lynwood,  Silverado,  and  Sunnyside  aquifers  in  the  Hollywood 
Basin.   These  aquifers  have  been  identified  only  in  the  extreme  western 
portion  of  the  basin,  south  of  the  City  of  Beverly  Hills-   If  additional 
well  log  information  were  available,  some,  if  not  all,  of  these  aquifers 
probably  could  be  defined  in  the  northern  portion  of  the  basin  along  the 
axis  of  the  Hollywood  syncline. 

The  Jefferson  aquifer  consists  of  20  to  ^0  feet  (Plate  17) 
of  gravel  with  some  clay  and  attains  a  maximum  depth  of  38O  feet  (150  feet 
below  sea  level,  Plate  16). 

The  Lynwood  aquifer  consists  of  about  50  feet  (Plate  19A)  of 
gravel  with  a  small  amount  of  interbedded  clay,  and  reaches  a  depth  of 
about  U00  feet  (200  feet  below  sea  level,  Plate  l8A).   It  is  merged  with 
the  overlying  Jefferson  aquifer  in  a  small  area  in  the  southwestern  part 
of  the  basin  east  of  Beverly  Hills  (Plate  l8A). 

The  Silverado  aquifer  consists  of  about  50  feet  (Plate  21A)  of 
sand  and  gravel  with  a  small  amount  of  clay,  and  reaches  a  maximum  depth 
of  about  500  feet  (300  feet  below  sea  level,  Plate  20A). 
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The  Sunny-side  aquifer  consists  of  1+0  to  50  feet  (Plate  23)  of 
sand  and  gravel  with  a  small  amount  of  clay,  and  attains  a  maximum  depth 
of  660  feet  (1+00  feet  below  sea  level,  Plate  22  and  section  H-H1,  Plate  6g). 

The  aquifers  of  the  Lakewood  formation  are  underlain  by  deposits 
of  Miocene  age  in  the  eastern  and  southern  part  of  the  Hollywood  Basin.  In 
the  extreme  southwestern  portion  of  the  basin,  the  San  Pedro  formation  has 
been  identified  beneath  the  Lakewood  formation.  Along  the  axis  of  the 
Hollywood  syncline  (Plate  3A),  sediments  of  Pliocene  age  may  underlie  the 
San  Pedro  formation.  These  Pliocene  and  Miocene  sediments  also  contain 
some  fresh  water,  but  no  aquifers  have  been  differentiated.  They  are 
relatively  impervious  and  contain  saline  water  at  depth. 

The  major  structural  features  of  the  Hollywood  Basin  are  the 
Hollywood  and  Inglewood  faults,  the  Hollywood  syncline,  and  the  La  Brea 
high  (Plate  3A).  The  Hollywood  fault  along  the  northern  boundary  of  th^ 
basin  brings  Pleistocene  deposits  into  contact  with  the  Jurassic  and 
younger  rocks  of  the  Santa  Monica  Mountains.  The  Inglewood  fault,  which 
forms  the  western  boundary  of  the  Hollywood  Basin,  appears  to  impede  ground 
water  movement  between  it  and  Santa  Monica  Basin.  Available  water  level 
data  suggest  that  the  Hollywood  Basin  may  be  in  hydraulic  continuity  with 
the  Santa  Monica  Basin  to  the  west  along  the  northwestern  part  of  the 
basin  boundary  where  the  presence  of  the  Inglewood  fault  is  largely  con- 
jectural. 

The  Hollywood  syncline  in  the  northern  portion  of  the  basin 
contains  sediments  of  Recent,  Pleistocene,  and  probably  Pliocene  age  under- 
lain by  Miocene  deposits.  The  southern  flank  of  the  syncline  forms  the 
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La  Brea  high,  a  subsurface  structural  high  extending  from  the  Elysian 
Hills  almost  to  the  Inglewood  fault  where  it  plunges  steeply  westward  and 
forms  an  anticlinal  nose  in  the  San  Pedro  formation.  It  acts  as  a  partial 
barrier  to  ground  water  movement  southward  into  the  Central  Basin.  The 
San  Pedro  formation  was  originally  folded  up  over  the  La  Brea  high  and 
eroded  off,  and  the  Lakewood  formation  has  been  deposited  unconformably 
on  sediments  of  Miocene  age  and  on  what  remains  of  the  San  Pedro  formation. 

Occurrence  of  Ground  Water 

Ground  water  in  the  Hollywood  Basin  occurs  mainly  in  sediments 
of  Recent  and  Pleistocene  age.  Some  fresh  ground  water  is  present  in  the 
Pliocene  deposits  which  underlie  the  San  Pedro  formation  near  the  Inglewood 
fault.  Mendenhall  (1905b)  reported  flowing  wells  in  what  are  now  known  to 
be  Miocene  sediments  in  the  eastern  part  of  the  Hollywood  Basin.  Recently 
drilled  oil  wells  also  encounter  fresh  water  at  shallow  depth  in  these 
rocks  in  the  Elysian  Hills. 

Unconfined  ground  water  conditions  exist  in  the  northern  and 
eastern  portions  of  the  basin  in  the  shallow  aquifers.   In  the  deeper 
aquifers  and  in  the  remainder  of  the  basin  ground  water  is  confined,  and 
clay  members  separate  the  aquifers  over  considerable  areas. 

Ground  water  in  the  Hollywood  Basin  is  replenished  by  percolation 
of  precipitation  and  stream  flow  from  the  higher  areas  to  the  north  into 
Recent  alluvial  sands  and  gravels.  Paving  of  streets  and  lining  of  drainage 
channels  have  decreased  greatly  the  surface  area  open  to  direct  percolation. 
Subsurface  inflow  may  take  place  to  a  limited  extent  from  the  Santa  Monica 
Mountains  where  the  older  crystalline  rocks  are  sufficiently  fractured  to 
allow  storage  and  passage  of  water. 
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Ground  water  in  the  deeper  aquifers  of  the  Hollywood  Basin  can 
move  to  the  southwest  around  the  La  Brea  high,  provided  the  ground  water 
gradient  is  in  that  direction.   Some  ground  water  in  the  Lakewood  formation 
probably  moves  south  across  the  La  Brea  high.  However,  a  pumping  depression 
in  the  area  southeast  of  Beverly  Hills  just  east  of  the  Inglewood  fault 
causes  water  in  the  Hollywood  Basin  and  water  from  the  Central  Basin  to 
flow  toward  its  center. 

Aquifers  in  Hollywood  Basin  have  relatively  low  transmissibility 
rates,  generally  being  less  than  40,000  gallons  per  day  per  foot  of  width. 
The  Lynwood  aquifer  (Plate  26F)  has  the  highest  transmissibility  rate 
(60,000  gallons  per  day  per  foot  of  width)  in  this  basin.  Because  of  the 
erosion  of  the  aquifers  in  the  San  Pedro  formation  over  the  La  Brea  high, 
the  overall  transmissibility  rate  is  quite  low  there.  The  area  of  highest 
combined  transmissibility  rate  is  near  Beverly  Hills  because  of  the  greater 
thickness  of  coarser  materials  (Plate  26l). 

Changes  in  ground  water  storage  occur  in  the  areas  of  free  ground 
water,  which  are  primarily  along  the  north  and  east  portions  of  the  basin. 
Total  storage  to  the  base  of  the  Sunnyside  aquifer  is  about  200,000  acre- 
feet.  Historically  utilized  storage  since  190U-  amounts  to  about  30,000 
acre-feet.  The  storage  capacity  between  the  historical  high  water  level 
which  occurred  in  1904  and  sea  level  is  about  80,000  acre-feet. 
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Central  Basin 

The  Central  Basin  extends  over  most  of  the  Coastal  Plain  of  Los 
Angeles  County  east  and  northeast  of  the  Nevport-Inglevood  uplift  (Plate  2). 
It  is  bounded  on  the  north  by  the  Hollywood  Basin  and  a  series  of  low  hills 
extending  from  the  ELysian  Hills  on  the  northwest  to  the  Puente  Hills  on 
the  southeast.  Where  the  Lo6  Angeles  and  Whittier  Narrows  break  the  other- 
wise continuous  line  of  hills,  the  Central  Basin  is  separated  from  the 
ground  water  basins  to  its  north  by  arbitrary  lines.  The  Central  Basin  is 
bounded  on  the  west  and  south  by  the  Newport- Inglewood  uplift  and  on  the 
southeast  by  the  Los  Angeles-Orange  County  line.  All  of  these  boundaries 
do  not  coincide  with  the  ones  defined  in  earlier  reports.  In  Bulletin  No.  8 
(Calif.  D.W.R.  1952c)  the  Central  Basin  included  the  area  referred  to  in 
this  report  as  the  Hollywood  Basin.  The  present  Central  Basin  includes 
part  of  the  area  formerly  known  as  the  Los  Angeles  Narrows  Basin,  and  the 
Whittier  Area  which  was  formerly  the  western  part  of  the  La  Habra  Basin. 

The  Central  Basin  was  historically  divided  internally  into  three 
areas  (Calif.  D.W.R.  193*0 :  *be  Los  Angeles  and  Montebello  Forebay  Areas 
and  the  Central  Basin  Pressure  Area.  This  division  is  shown  on  Plate  2. 
The  forebay  areas  have  been  described  as  intake  areas  (areas  of  free  or  un- 
confined  ground  water)  where  substantial  infiltration  of  surface  water 
could  occur.  In  the  pressure  area,  the  aquifers  were  pictured  as  being 
confined  between  relatively  impervious  layers  of  considerable  lateral  extent 
that  restricted  percolation  of  water  from  the  ground  surface  downward  to 
the  underlying  aquifers.  This  investigation  has  shown  that  such  a  simplified 
division  is  not  possible  because  aquicludes  were  found  to  extend  into  the 
so-called  forebay  areas  and  the  pressure  area  aquicludes  were  found  locally 
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to  contain  large  amounts  of  sandy  and  gravelly  clay  and  silts  where  con- 
siderable deep  percolation  could  occur.  The  area  of  essentially  unrestricted 
percolation  of  surface  waters  to  the  underlying  ground  water  is  limited  to 
small  areas  in  the  vicinity  of  the  Los  Angeles  and  Whittier  Narrows  (Plate 
9A).  These  areas  are  considerably  smaller  in  extent  than  the  historically 
defined  Los  Angeles  and  Montebello  Forebay  Areas.  However,  in  large  portions 
of  the  remainder  of  the  basin,  including  the  pressure  area,  the  upper  aqui- 
clude  is  only  partly  effective  in  restricting  downward  percolation.  Because 
of  the  heterogeneous  pattern  of  these  relatively  permeable  areas  in  and 
around  the  more  impermeable  aquicludes  and  the  general  gradation  from  one 
to  the  other,  an  attempt  to  divide  the  basin  into  pressure  and  forebay 
areas  along  a  definite  line  for  purposes  of  hydrologic  analysis  would  not 
only  be  difficult  but  would  have  to  be  completely  arbitrary.  Nevertheless, 
the  old  delineation  of  forebay  and  pressure  areas  are  used  in  the  dis- 
cussion of  the  geology  of  the  Central  Basin  to  follow  because  of  their 
historical  significance  and  descriptive  usefulness. 

The  Central  Basin  is  divided  into  four  parts  for  descriptive 
purposes:  the  Los  Angeles  Forebay  Area,  the  Montebello  Forebay  Area,  the 
Whittier  Area,  and  the  Central  Basin  Pressure  Area.  The  Los  Angeles  and 
Montebello  Forebay  Areas  are  located  in  the  northern  part  of  the  Central 
Basin  immediately  south  of  the  two  breaks  in  the  line  of  low  hills  bordering 
the  basin.  Through  these  breaks  the  Los  Angeles  River  and  the  Rio  Hondo- 
San  Gabriel  River  systems  flow  from  the  valleys  to  the  north  into  the 
coastal  plain  (Plate  2).  These  forebay  areas  spread  southward  from  the  two 
narrows  in  irregular  semicircles.  The  southern  boundary  of  the  two  forebay 
areas  roughly  coincides  with  the  northernmost  limit  of  the  line  of  flowing 
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artesian  wells  delineated  by  Mendenhall  in  1903-   As  explained  above,  these 
forebay  areas  are  not  true  forebays  in  the  academic  sense  of  the  word  but 
are  used  herein  for  descriptive  purposes . 

The  Whittier  Area  is  located  in  the  northeastern  part  of  the 
Central  Basin  east  of  the  Montebello  Forebay  Area,  south  of  the  Puente  Hills 
and  west  of  the  Orange  County  line.   The  Whittier  Area  was  described  as  part 
of  the  La  Habra  Basin  in  Bulletin  1(5  (Calif.  D.  W.  R.  193*0  •   However,  since 
the  aquifers  present  in  this  area,  especially  the  deeper  ones,  are  inter- 
connected to  varying  degrees  with  the  aquifers  in  the  Central  Rasin,  the 
area  was  renamed  and  treated  as  part  of  the  Central  Basin. 

The  Central  Basin  Pressure  Area  is  the  largest  of  the  four  di- 
visions of  the  Central  Basin.   It  encompasses  all  of  the  area  east  and  north- 
east of  the  Newport -Inglewood  uplift  and  northwest  of  the  Orange  County 
line  that  is  not  included  in  the  other  three  areas.   It  is  called  a  "pres- 
sure area"  because  the  aquifers  within  it  are  confined  by  aquicludes  or 
relatively  impermeable  layers  of  clay  and  silt  over  most  of  the  area.   One 
of  the  most  important  aquicludes  is  at  or  near  the  surface.   As  noted  pre- 
viously, this  near  surface  aquiclude  is  missing  in  local  areas  and  contains 
zones  of  relatively  more  permeable  material  in  many  places  where  water  could 
move  into  or  out  of  the  underlying  aquifer.   Accordingly,  completely  con- 
fined conditions  do  not  exist  in  the  pressure  area. 

It  should  also  be  noted  in  this  discussion  of  basin  divisions 
that  the  pressure  area  could  be  further  divided  on  the  basis  of  a  ground 
water  mound  which  has  existed  in  the  northwestern  portion  of  the  basin  since 
the  early  1930' s.   This  mound  effectively  divides  the  ground  water  movement 
in  that  portion  of  the  basin  into  two  parts;  that  which  moves  northward 
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toward  the  Hollywood  Basin  and  that  which  move6  southeasterly  toward  the 
center  of  the  old  pressure  area  and  the  Los  Angeles  Forebay  Area.  This 
ground  water  mound  was  used  in  the  formulation  of  a  portion  of  the  northern 
boundary  of  the  Central  and  West  Basin  Water  Replenishment  District 
organized  in  1959  (Calif.  D.W.R.  1959). 

In  the  sections  which  follow,  the  geologic  features  of  the  Los 
Angeles  Forebay  Area,  the  Montebello  Forebay  Area,  the  Whittier  Area  and 
finally  the  Central  Basin  Pressure  Area  are  summarized.  For  each  area  these 
summaries  include  information  about  the  aquifers  present,  the  areas  where 
these  aquifers  merge,  and  barriers  to  ground  water  movement.  The  flow  of 
water  into  and  out  of  the  Central  Basin  as  a  whole,  replenishment  of  the 
aquifers,  and  areas  of  free  ground  water  and  storage  change  are  described 
in  a  separate  section  under  the  heading  of  "Occurrence  of  Ground  Water  in 
the  Central  Basin". 

Geologic  Features  of  the  Los  Angeles  Forebay  Area 

The  Los  Angeles  Forebay  Area,  located  in  the  northern  part  of  the 
Central  Basin,  is  shown  on  Plate  2.  In  general  it  is  a  free  ground  water 
area;  however,  in  the  course  of  this  investigation  it  became  evident  that 
the  Bellflower  aquiclude  extends  into  the  southerly  portion  of  the  forebay 
area.  The  aquiclude  in  this  area  contains  a  high  percentage  of  sand,  and 
vertical  percolation  of  water  is  apparently  more  rapid  here  than  in  other 
portions  of  the  ba6in  covered  by  it.  Where  the  Bellflower  aquiclude  is 
missing  within  the  forebay  area  (see  Plate  8A),  the  aquifers  are  in  direct 
hydraulic  continuity  with  the  surface. 

The  Los  Angeles  Forebay  Area  is  overlain  by  parts  of  the  La  Brea, 
Downey,  and  Montebello  Plains.  The  known  water-bearing  sediments  extend  to 
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a  depth  of  1600  feet  (lW+O  feet  below  sea  level)  and  include  Recent 
alluvium,  the  Lakewood  formation,  and  the  San  Pedro  formation.  Some  fresh 
water  also  may  be  present  in  the  Pliocene  and  Miocene  rocks  underlying 
these  formations  in  this  area. 

Recent  alluvium  in  the  Los  Angeles  Forebay  Area  is  found  on  the 
Downey  Plain  and  in  the  Los  Angeles  Narrows.  It  attains  a  maximum  thick- 
ness of  l60  feet,  and  includes  the  western  arm  of  the  Gaspur  aquifer  and 
the  parts  of  the  Semiperched  aquifer  and  Bellflower  aquiclude  lying  west 
and  south  of  the  Los  Angeles  River. 

The  Semiperched  aquifer  is  defined  as  the  area  where  sand  and 
gravel  overlying  the  Bellflower  aquiclude  is  more  than  20  feet  in  thick- 
ness. This  Semiperched  aquifer  is  also  present  in  the  Lakewood  formation 
just  south  of  the  Repetto  Hills.  Although  the  aquifer  can  be  defined  on 
well  logs,  water  levels  in  wells  indicate  that  it  contains  little  or  no 
water. 

The  Bellflower  aquiclude  consists  of  clay  and  sandy  clay, 
ranging  from  0  to  90  feet  in  thickness  (Plate  9A)  and  attains  a  maximum 
depth  of  100  feet  (elevation  kO   feet)  in  the  southern  part  of  the  forebay 
area  (Plate  8a).   It  is  also  present  in  the  Lakewood  formation  in  which  it 
underlies  the  Semiperched  aquifer  east  and  north  of  the  Los  Angeles  River 
and  extends  south  into  the  Central  Basin  Pressure  Area.   In  the  Lakewood 
formation  it  varies  from  less  than  40  feet  to  50  feet  or  more  in  thickness, 
consists  of  clay  and  sandy  clay,  and  attains  a  maximum  depth  of  80  feet 
(elevation  20  feet,  Plate  9A).  The  lack  of  water  in  the  Semiperched 
aquifer  overlying  the  Bellflower  aquiclude  suggests  that  the  Bellflower 
aquiclude  is  reasonably  permeable  in  the  forebay  area. 
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The  Gaspur  aquifer  consists  mainly  of  sand  and  gravel  with  a  very 
small  percentage  of  clay.  It  ranges  from  10  to  more  than  80  feet  in  thick- 
ness (Plate  11A)  and  extends  down  to  a  depth  of  160  feet  (60  feet  below  sea 
level,  Plate  10A).  The  Gaspur  aquifer  is  overlain  by  the  Bellf lower  aqui- 
clude  over  part  of  the  forebay  area.  However,  in  the  smaller  area  open  to 
direct  percolation  shown  on  Plate  10A,  the  Gaspur  aquifer  is  either  exposed 
at  the  surface  or  overlain  by  a  thin  layer  of  fine  sand  or  soil. 

The  Lakewood  formation  is  exposed  on  the  surface  of  the  La  Brea 
and  Montebello  Plains  and  extends  underneath  the  Recent  alluvium  on  the 
Downey  Plain.   It  is  present  in  the  Los  Angeles  Narrows,  but  aquifers  have 
not  been  defined  there.  The  Lakewood  formation  includes  the  portions  of 
the  Bellflower  aquiclude  and  the  overlying  Semiperched  aquifer  east  and 
north  of  the  Los  Angeles  River  and  the  Exposition,  Gardena,  and  Gage  aqui- 
fers.  It  ranges  from  0  to  more  than  220  feet  thick  in  the  southern  part  of 
the  area. 

The  Exposition  aquifer  has  been  delineated  in  that  portion  of  the 
Los  Angeles  Forebay  Area  that  is  beyond  the  boundaries  or  limits  of  the 
Gaspur  aquifer.   The  Expositon  aquifer  consists  of  as  many  as  three  sand 
and  gravel  members  separated  in  some  areas  by  discontinuous  clay  and  silt 
lenses.   It  attains  a  maximum  thickness  of  80  feet  (Plate  11)  and  varies  in 
depth  from  100  to  160  feet  (elevation  200  to  20,  Plate  10).  Although  the 
Exposition  aquifer  is  known  to  extend  beneath  the  Gaspur  aquifer,  it  was 
not  differentiated  from  the  Gaspur  aquifer,  because  the  contact  between  the 
two  is  indistinct. 

The  Gardena  aquifer  is  present  over  much  of  the  Los  Angeles  Fore- 
bay  Area.   It  consists  mainly  of  sand  and  gravel  with  a  little  clay,  and 
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ranges  from  0  feet  to  60  feet  thick  (Plate  13A).  The  maximum  depth  is  290 
feet  (100  feet  below  sea  level,  Plate  12A). 

The  Gage  aquifer  is  also  present  in  the  forebay  area,  but  over  a 
large  part  of  the  area  it  has  been  eroded  avay  and  subsequently  replaced  by 
the  Gardena  aquifer.  The  Gage  aquifer  consists  of  sand  and  sandy  clay  with 
some  gravel.   It  ranges  from  5  feet  to  100  feet  in  thickness  (Plate  13A)  and 
extends  to  a  depth  of  37b  feet  (250  feet  below  sea  level,  Plate  12A).  The 
Gage  aquifer  is  the  basal  member  of  the  Lakewood  formation.  It  rests  uncon- 
formably  on  the  underlying  San  Pedro  formation,  except  in  the  extreme  north- 
ern part  of  the  area,  where  the  San  Pedro  is  missing  (Plate  6E,  section 
K-K'-K"). 

The  San  Pedro  formation  is  the  lowest,  stratigraphically,  of  the 
formations  in  the  Los  Angeles  Forebay  Area  that  contain  known  aquifers.  It 
crops  out  along  the  southern  edge  of  the  Repetto  Hills  and  extends  over  the 
whole  of  the  forebay  area  except  in  the  Los  Angeles  Narrows.  The  San  Pedro 
formation  is  about  1,050  feet  thick  in  the  Los  Angeles  Forebay  Area  and  in- 
cludes the  Hollydale,  Jefferson,  Lynwood,  Silverado  and  Sunnyside  aquifers. 

The  Hollydale  aquifer  is  missing  in  the  west  end  of  the  forebay. 
In  the  rest  of  the  area,  it  consists  of  sand  and  sandy  clay  with  some  gravel. 
It  ranges  from  0  feet  to  60  feet  in  thickness  (Plate  15)  and  extends  475 
feet  (350  feet  below  sea  level,  Plate  14). 

The  Jefferson  aquifer  is  missing  in  the  extreme  southern  part  of 
the  forebay  area.  In  the  Central  and  northern  portions  of  the  area,  it  con- 
sists of  sand  with  some  gravel  and  clay.  It  ranges  from  0  to  70  feet  in 
thickness  (Plate  17)  and  extends  640  feet  down  (450  feet  below  sea  level, 
Plate  16). 
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The  Lynwood  aquifer  is  present  over  all  of  the  Los  Angeles  Forebay 
Area  where  the  San  Pedro  formation  occurs.   It  consists  maily  of  sand  and 
gravel  with  a  little  clay,  ranges  from  20  feet  to  130  feet  in  thickness, 
(Plate  19A)  and  extends  down  to  720  feet  (600  feet  below  sea  level,  Plate 
18A). 

The  Silverado  aquifer  is  found  throughout  most  of  the  Los  Angeles 
Forebay  Area  and  consists  of  gravelly  sand  with  some  interbedded  clay.  It 
ranges  from  20  feet  to  150  feet  in  thickness  (Plate  21A)  and  extends  1,070 
feet  down  (880  feet  below  sea  level,  Plate  20A). 

The  Sunnyside  aquifer  also  is  found  over  most  of  the  forebay  area 
and  consists  mainly  of  sand  with  interbedded  clays.   It  ranges  from  ^>0   to 
430  feet  in  thickness  (Plate  23)  and  extends  down  to  1,600  feet  (1,^0  feet 
below  sea  level,  Plate  22). 

The  San  Pedro  formation  is  unconformably  underlain  by  sediments  of 
Pliocene  age  which  probably  contain  fresh  water  in  their  upper  portions. 

Within  the  Los  Angeles  Forebay  Area,  the  Miocene  and  Pliocene 
rocks  and  the  San  Pedro  formation  in  the  north  limb  of  the  Paramount  syn- 
cline  dip  to  the  south.  There  is  a  sharp  angular  unconformity  between  the 
steeply  dipping,  truncated  San  Pedro  formation,  and  the  overlying  gently 
dipping  Lakewood  formation.  This  unconformity  permits  water  moving  through 
the  Recent  and  Lakewood  formations  to  percolate  downward  into  the  aquifers 
of  the  San  Pedro  formation.   (See  sections  J- J' -J",  Plate  6D  and  K-K'-K", 
Plate  6e).  To  the  north,  in  the  narrows  itself,  the  Recent  alluvium  rests 
directly  upon  Miocene  rocks.  Erosion  has  removed  all  of  the  San  Pedro  for- 
mation here,  as  well  as  parts  of  the  Lakewood  formation  which  occurs  only 
as  terrace  remnants  along  the  sides  of  the  narrows. 
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Movement  and  occurrence  of  ground  water  in  the  Los  Angeles  Forebay 
Area  and  the  other  areas  in  the  Central  Basin  will  be  discussed  later. 

Geologic  Features  of  the  Montebello  Forebay  Area 

The  Montebello  Forebay  Area  extends  southward  from  the  Whittier 
Narrows  and  presently  is  the  most  important  area  of  recharge  in  the  Central 
Basin.  The  boundary,  shown  on  Plate  2,  is  the  same  as  the  Montebello  Fore- 
bay  Area  boundary  described  in  Bulletin  No.  k^   (calif.  D.W.R.  193^). 

The  Montebello  Forebay  Area  is  overlain  by  parts  of  the  Montebello, 
Downey,  and  Santa  Fe  Springs  Plains.  The  water-bearing  sediments  vary  in 
age  from  Recent  to  early  Pleistocene  and  extend  to  a  maximum  depth  of  about 
1,050  feet  (900  feet  below  sea  level). 

The  Recent  alluvium  contains  parts  of  the  Semiperched  aquifer  and 
the  Bellf lower  aquiclude,  and  the  eastern  arm  of  the  Gaspur  aquifer.  The 
Semiperched  aquifer  consists  of  20  to  60  feet  of  sand  and  gravel  overlying 
the  Bellflower  aqui elude.  The  Semiperched  aquifer  is  of  Recent  age  over 
most  of  the  area  but  in  the  northwest  corner  of  the  area  it  is  part  of  the 
Lakewood  formation  of  late  Pleistocene  age.  The  Bellflower  aquiclude  (Plates 
8A  and  9A)  also  is  found  both  in  Recent  alluvium  and  the  Lakewood  formation 
in  the  Montebello  Forebay  Area.  It  consists  of  clay  and  sandy  clay  ranging 
in  thickness  from  a  few  feet  at  its  edge  to  about  60  feet  northeast  of 
Downey.  Well  logs  and  other  data  collected  for  this  report  show  that  where 
the  Bellflower  aquiclude  extends  into  the  forebay  area,  it  contains  a  high 
percentage  of  sand  and  gravel.  These  data  suggest  that  the  permeability  is 
sufficiently  high  to  allow  percolation  through  the  aquiclude  in  portions  of 
this  area,  and  therefore  it  is  not  an  aquiclude  in  fact  in  those  areas.  The 
areas  where  the  Bellflower  aquiclude  is  not  present  are  shown  on  Plates  8A 
and  9A. 


-156- 


The  eastern  arm  of  the  Gaspur  aquifer  extends  northeasterly- 
through  the  Montebello  Forebay  Area  and  into  the  Whittier  Narrows.  It  con- 
sists of  coarse  sand  and  gravel  ranging  from  kO   to  100  feet  in  thickness 
( Plate  HA) .  The  maximum  thickness  is  found  in  the  vicinity  of  the  Whittier 
Narrows  Dam,  and  the  maximum  depth  of  125  feet  (20  feet  below  sea  level) 
occurs  in  the  vicinity  of  Downey  (Plate  10A).  The  Gaspur  aquifer  is  exposed 
at  the  ground  surface  from  Whittier  Narrows  south  to  Imperial  Highway 
(Plate  10A).  South  of  this  point  it  is  overlain  by  the  Bellflower  aquiclude. 

The  Lakewood  formation  in  the  Montebello  Forebay  Area  contains 
parts  of  the  Semiperched  aquifer  and  the  Bellflower  aquiclude  mentioned 
earlier,  and  the  Artesia,  Exposition,  Gage,  and  Gardena  aquifers. 

The  Artesia  and  Exposition  aquifers,  present  over  a  limited  area 
in  the  Montebello  Forebay  (Plates  10A  and  11A),  appear  to  be  contemporaneous 
in  age  and  mode  of  deposition.  The  name  "Artesia  aquifer"  has  been  given 
to  water-bearing  sediments  immediately  underlying  the  Bellflower  aquiclude 
east  and  south  of  the  Gaspur  aquifer.  The  Exposition  aquifer  consists  of 
similar  deposits  extending  west  and  north  of  the  eastern  arm  of  the  Gaspur 
aquifer.  The  Artesia  and  Exposition  aquifers  consist  of  from  10  to  90  feet 
of  sand  and  gravel  with  some  clay.  The  sediments  comprising  these  aquifers 
underlying  the  Gaspur  aquifer  had  been  mostly  eroded  away  prior  to  deposi- 
tion of  the  Gaspur  aquifer,  and  no  effort  has  been  made  to  identify  those 
portions  of  the  aquifers  that  may  remain  beneath  the  Gaspur.  The  composite 
name,  Artesia-Exposition  aquifer,  is  used  for  these  water-bearing  deposits 
which  underlie  and  are  in  hydraulic  continuity  with  the  Gaspur  aquifer. 

The  Gage  aquifer  (Plates  12A  and  13A)  is  composed  mainly  of  sand 
ranging  from  20  to  80  feet  in  thickness,  and  extends  over  approximately 
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one-third  of  the  forebay.  The  maximum  thickness  is  found  in  the  vicinity 
of  Montebello.  The  maximum  depth  of  260  feet  (150  feet  below  sea  level) 
is  southeast  of  Downey. 

The  Gardena  aquifer  (Plates  12A  and  13A)  is  present  over  about 
two-thirds  of  the  Montebello  Forebay.  This  aquifer,  deposited  in  channels 
incised  into  the  Gage  aquifer,  is  coarse  sand  and  gravel  and  ranges  from 
20  to  140  feet  in  thickness.  The  maximum  thickness  is  found  just  north  of 
the  Whittier  Narrows  Dam.  The  sediments  extend  down  to  a  maximum  depth  of 
265  feet  (150  feet  below  sea  level)  north  of  Norwalk. 

The  San  Pedro  formation  has  been  identified  throughout  the  Monte- 
bello Forebay  Area  beneath  the  Lakewood  formation.  It  also  crops  out  on 
the  south  side  of  the  Repetto  Hills  west  of  the  Rio  Hondo.  All  of  the 
aquifers  of  the  San  Pedro  formation  are  present  in  the  Montebello  Forebay 
Area.  The  Hollydale  aquifer  (Plates  Ik  and  15)  is  present  over  about  one- 
half  of  the  area  and  is  compsed  of  about  20  to  60  feet  of  sand  and  gravel 
with  a  small  amount  of  interbedded  sandy  clay  and  clay.  The  maximum  depth 
of  260  feet  (250  feet  below  sea  level)  occurs  about  one  mile  north  of 
Norwalk.  The  Jefferson  aquifer  (Plates  ±6  and  17)  has  been  identified  over 
about  three-quarters  of  the  Montebello  Forebay  Area.  It  ranges  in  thickness 
from  20  to  60  feet  and  consists  of  sand  and  sandy  clay.  The  maximum  depth 
of  505  feet  (300  feet  below  sea  level)  occurs  about  a  mile  north  of  Norwalk. 

The  Lynwood  aquifer  (Plates  18A  and  19A)  is  found  throughout  the 
Montebello  Forebay  Area.  It  is  mainly  coarse  sand  and  gravel  ranging  from 
50  to  150  feet  in  thickness.  The  maximum  depth  of  705  feet  (^50  feet  below 
sea  level)  occurs  about  one  mile  north  of  Norwalk.  This  aquifer  yields  water 
to  many  wells  in  the  Montebello  Forebay  Area.  The  Silverado  aquifer  (Plates 
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20A  and  21A),  identified  throughout  the  Montebello  Forebay  Area,  ranges  from 
50  to  200  feet  in  thickness,  and  is  about  half  sandy  gravel  and  half  inter- 
bedded  clay.  The  maximum  depth  of  about  1,000  feet  (900  feet  below  sea 
level)  is  also  just  north  of  Norwalk. 

The  Sunnyside  aquifer  (Plates  22  and  23)  is  the  basal  member  of 
the  San  Fedro  formation  and  is  the  deepest  aquifer  identified  in  the  Monte- 
bello Forebay  Area.  It  is  generally  sand  with  local  areas  of  coarse  gravel 
and  ranges  in  thickness  from  100  to  350  feet.  The  maximum  depth  of  about 
l,i+O0  feet  (1,300  feet  below  sea  level)  occurs  north  of  Norwalk. 

The  San  Pedro  formation  is  underlain  by  Pliocene  deposits  which 
are  water  bearing  in  some  areas.  Electric  logs  of  oil  wells  show  that  fresh 
water  is  present  below  the  San  Pedro  formation  in  the  Montebello  Forebay 
Area  but  no  aquifers  have  been  delineated  in  these  older  sediments. 

The  major  structural  features  of  the  Montebello  Forebay  Area  are 
the  unconformity  between  the  Lakewood  and  San  Pedro  formation  and  the  fault- 
ing and  folding  in  the  Whittier  Narrows.  Geologic  sections  A-A'-A",  Plate 
6A,  M-M' ,  and  N-N',  Plate  6F  and  P-P',  Plate  6g,  show  the  gently  dipping 
formations  in  the  Whittier  Narrows,  and  Plate  7  shows  cutaway  views  of  the 
aquifers  therein.  The  Rio  Hondo,  Pico,  and  Cemetery  faults,  all  trending 
approximately  northeast,  have  been  postulated  in  the  Whittier  Narrows  where 
they  evidently  bound  two  distinct,  folded  blocks  (see  section  on  Whittier 
Narrows  Area  in  Chapter  V). 

The  Rio  Hondo  fault  follows  approximately  along  the  southwest  side 
of  the  Rio  Hondo.  It  displaces  the  Gardena,  Lynwood,  and  Sunnyside  aquifers. 
The  Recent  alluvium  continues  unaffected  across  the  fault.  On  the  northwest 
side  of  the  Rio  Hondo  fault,  the  Sunnyside  aquifer  has  been  downdropped  as 
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much  as  600  feet  with  respect  to  the  aquifer  on  the  southeast  side.  North- 
west of  the  Rio  Hondo  fault  near  Whittier  Narrows  Dam,  erosion  has  removed 
all  aquifers  between  the  Sunnyside  and  Gardena  aquifers  (geologic  section 
P-P',  Plate  6G). 

The  Pico  fault  extends  parallel  to  the  Rio  Hondo  fault  and  lies 
about  one  mile  southeast  of  it.  Only  the  aquifers  of  the  San  Pedro  formation 
are  cut  by  this  fault,  with  the  southeast  side  having  been  downdropped.  The 
amount  of  offset  varies  along  the  fault  and,  for  the  Sunnyside  aquifer,  the 
maximum  vertical  offset  is  about  kX)  feet.  This  places  the  Sunnyside  aquifer 
on  the  northwest  side  of  the  fault  opposite  the  I^nwood  and  Jefferson 
aquifers  on  the  southeast  side,  thus  retaining  some  hydraulic  continuity 
across  the  fault. 

The  Cemetery  fault  is  located  along  the  east  side  of  Whittier 
Narrows  and  trends  slightly  east  of  north.  No  cross  sections  in  this  report 
cross  through  this  fault.  Because  the  fault  coincides  with  the  contact  be- 
tween the  Recent  alluvium  of  the  Narrows  and  Pliocene  formations  of  the 
Puente  Hills  and  since  data  are  not  available  to  differentiate  aquifers 
east  of  the  fault  in  the  Pliocene  sediments,  any  displacement  and  the  effect 
of  the  fault  upon  ground  water  movement  cannot  be  ascertained. 

Some  idea  of  the  complexity  of  the  folding  in  the  Whittier  Narrows 
can  be  seen  on  geologic  sections  A-A'-A",  M-M',  N-N1  and  P-P'  of  Plates 
6A,  6f,  and  6G.  Cutaway  diagrams  of  aquifers  in  the  vicinity  of  Whittier 
Narrows  are  shown  on  Plate  7 >   with  the  Gaspur,  Gardena,  and  Silverado 
aquifers  stripped  off  in  succession.  The  fault  displacement  and  folding  can 
be  understood  particularly  well  with  the  use  of  this  plate. 

Ground  water  movement  within  the  Whittier  Narrows  in  a  northwest- 
southeast  direction  would  probably  be  impeded  by  these  faults.  Fortunately, 
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the  faults  trend  is  essentially  parallel  to  the  main  subsurface  inflow  to 
the  Central  Basin  through  the  Whittier  Narrows  and  apparently  do  not  affect 
this  ground  water  movement. 

Geologic  Features  of  the  Whittier  Area 

The  Whittier  Area  of  the  Central  Basin  extends  from  the  Puente 
Hills  south  and  southwest  to  the  axis  of  the  Santa  Fe  Springs- Coyote  Hills 
uplift.  The  western  boundary  is  an  arbitrary  line  separating  the  Whittier 
Area  from  the  Montebello  Forebay  Area;  the  eastern  boundary  is  the  Orange 
County  line  (see  Plate  2).  The  name  "Whittier  Area"  is  used  for  the  first 
time  in  this  report.   In  prior  publications  this  area  was  considered  to  be 
part  of  the  La  Habra  Basin  (Calif.  D.W.R.  1931*  and  19^7 ),  the  southern 
boundary  of  which  coincided  with  the  southern  edge  of  the  Coyote  Hills.  The 
southern  boundary  of  the  Whittier  Area  used  in  this  report  was  chosen  because 
it  is  a  drainage  divide  and  water  applied  on  the  south  flank  of  the  Coyote 
Hills  would  drain  into  the  Central  Basin  Pressure  Area. 

Water  well  data  are  almost  entirely  lacking  for  the  sediments  found 
in  the  east  end  of  the  Whittier  Area  and  around  the  City  of  Whittier.  How- 
ever, it  is  reasonably  certain  that  ground  water  is  present  in  these  areas. 
In  the  portion  of  the  Whittier  Area  where  aquifers  have  been  defined,  many 
of  the  old  wells  have  been  destroyed  and  water  level  data  are  no  longer  avail- 
able. Consequently,  the  descriptions  of  the  aquifers  and  aquicludes  present 
in  the  Whittier  Area  are  not  complete. 

The  Whittier  Area  is  overlain  by  the  La  Habra  Piedmont  Slope  and 
part  of  the  Santa  Fe  Springs  Plain  and  the  Coyote  Hills  (Plate  2).  The 
known  water-bearing  sediments,  extending  to  a  depth  of  about  1,000  feet 
(800  feet  below  sea  level),  include  Recent  alluvium  and  the  Lakewood  and  San 
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Pedro  formations.  A  part  of  the  underlying  Pliocene  and  older  deposits 
may  also  contain  water  of  good  quality.  Electric  logs  of  oil  wells  in  the 
Whittier  Area  indicate  fresh  water  at  greater  depths  than  have  been  pene- 
trated by  water  wells. 

Recent  alluvium  in  the  Whittier  Area  consists  of  a  thin  finger  of 
sand,  gravel,  and  clay,  which  extends  into  the  western  portion  of  the  area 
from  the  Montebello  Forebay  Area  ( Plate  3A) .  The  sediments  are  80  feet 
thick  near  the  western  boundary  of  the  area,  and  thin  out  to  the  east. 
The  Recent  alluvium  contains  a  portion  of  the  Bellflower  aquiclude  and  the 
Gaspur  aquifer. 

The  Bellflower  aquiclude  in  the  Recent  alluvium  consists  of  clay 
and  sandy  clay  ranging  from  10  to  over  Uo  feet  in  thickness  (Plate  9A). 
It  overlies  the  Gaspur  aquifer  in  the  extreme  western  part  of  the  area.  In 
much  of  the  Whittier  Area,  the  Bellflower  aquiclude  is  part  of  the  undiffer- 
entiated Lakewood  formation.  Lack  of  data  in  many  parts  of  the  area  where 
the  Lakewood  formation  is  exposed  at  the  surface  makes  it  difficult  to  de- 
fine the  thickness,  extent,  and  composition  of  this  aquiclude.  Where  data 
are  available,  the  Bellflower  aquiclude  is  clay  and  sandy  clay  averaging 
20  feet  in  thickness  and  extending  down  to  a  depth  of  about  70  feet  below 
the  ground  surface  (elevation  120  feet,  Plate  8a).  The  degree  to  which  the 
ground  water  can  be  transmitted  through  the  Bellflower  aquiclude  depends  on 
the  thickness  and  composition  of  the  aquiclude.  While  the  aquiclude  appears 
to  be  continuous  over  most  of  the  Whittier  Area,  it  may  be  either  absent  in 
some  areas  or  so  thin  and  discontinuous  that  ground  water  can  be  transmitted 
through  it  at  an  appreciable  rate. 
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The  Gaspur  aquifer  is  mainly  sand  and  gravel  with  a  small  amount 
of  interbedded  clay.  It  ranges  from  30  to  60  feet  in  thickness  (Plate  11A) 
and  attains  a  depth  of  IU5  feet  below  the  surface  (elevation  60  feet,  Plate 
10A). 

The  Lakewood  formation  crops  out  over  most  of  the  Whittier  Area 
(Plate  3A).   It  consists  of  continental  deposits  of  late  Pleistocene  age 
and  attains  a  maximum  thickness  of  70  feet.  The  Lakewood  formation  contains 
the  Artesia  and  Gage  aquifers  and  that  part  of  the  Bellflower  aquiclude 
described  above. 

The  Artesia  aquifer  extends  a  short  distance  into  the  southwest 
corner  of  the  Whittier  Area  in  the  vicinity  of  Santa  Fe  Springs.   It  is 
mostly  sand  with  some  interbedded  clay  and  has  an  average  thickness  of  about 
kO   feet  (Plate  11A)  and  a  maximum  depth  of  about  50  feet  (elevation  60  feet, 
Plate  10A) .  This  aquifer  is  near  the  surface  and  has  been  exposed  in  ex- 
cavations on  the  Santa  Fe  Springs  Plain. 

The  Gage  aquifer  is  the  major  water-bearing  member  of  the  Lakewood 
formation  in  the  Whittier  Area.  It  has  been  delineated  only  in  the  southern 
portion  of  the  area  and  near  the  Los  Angeles -Orange  County  line,  where  it 
consists  of  about  30  feet  (Plate  13A)  of  sand  with  some  interbedded  clay, 
and  has  a  maximum  depth  of  about  150  feet  (elevation  50  feet,  Plates  12A 
and  6A,  section  B-B'-B"). 

The  San  Pedro  formation  underlies  the  entire  Whittier  Area,  where 
it  attains  a  maximum  thickness  of  about  850  feet  and  extends  down  to  a  depth 
of  about  920  feet  (850  feet  below  sea  level).  The  formation  is  composed  of 
sand  and  gravel  with  interbedded  clay,  all  probably  of  marine  origin.  Clay 
members  separate  the  sands  and  gravels  comprising  the  aquifers  over  most  of 
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the  basin.   The  San  Pedro  formation  contains  the  Hollydale,  Jefferson,  Lyn- 
wood,  Silverado,  and  Sunnyside  aquifers.   An  extensive  unconformity  "brings 
the  aquifers  of  the  San  Pedro  formation  into  contact  with  those  of  the  Lake- 
wood  formation  along  the  northern  boundary  of  the  area  and  along  the  edge 
of  the  Coyote  Hills.   Cross  sections  B-B'-B"  and  Q-0'  on  Plates  6A  and  6G 
show  this  relationship. 

The  Hollydale  aquifer  has  been  identified  only  in  the  western 
part  of  the  Whittier  Area.   It  may  be  present  over  the  rest  of  the  area, 
but  data  are  lacking.   It  ranges  in  thickness  from  10  to  25  feet  (Plate  15) 
and  consists  of  sand  and  gravel  with  a  small  amount  of  interbedded  clay. 
It  appears  to  reach  a  maximun  depth  of  about  100  feet  (elevation  50  feet, 
Plate  lh) .      It.  is  merged  with  the  overlying  Gage  aquifer  in  the  vicinity 
of  South  Whittier. 

The  Jefferson  aquifer  ranges  in  thickness  from  20  feet  to  ^0  feet 
(Plate  17)  and  consists  of  sand  and  gravel  with  a  little  interbedded  clay. 
It  extends  over  most  of  the  Whittier  Area  and  reaches  a  maximum  depth  of 
about  350  feet  (100  feet  below  sea  level,  Plate  16).   In  the  western  part 
of  the  area,  near  the  boundary  with  the  Montebello  Forebay,  the  Jefferson 
aquifer  merges  with  the  overlying  Hollydale  aquifer. 

The  Lynwood  aquifer  is  present  throughout  the  Whittier  Area.   It 
ranges  in  thickness  from  50  to  100  feet  (Plate  19A)  and  consists  of  sand 
and  gravel  with  some  interbedded  clay.   It  extends  to  a  maximum  depth  of 
about  U60  feet  (300  feet  below  sea  level,  Plate  ISA). 

The  Silverado  aquifer  has  been  identified  over  all  of  the  Whittier 
Area.   It  consists  of  110  to  300  feet  of  sand  and  gravel  with  finer  grained 
phases  in  some  areas  (plate  21A).   It  extends  to  a  depth  of  about  750  feet 
(600  feet  below  sea  level,  Plate  20A). 
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The  Sunnyside  aquifer  also  has  been  identified  throughout  the 
Whittier  Area.  It  consists  of  200  to  300  feet  of  sand  and  gravel  with  some 
interbedded  clay  (Plate  23).  It  is  the  lowest  of  the  aquifers  identified, 
reaching  a  maximum  depth  of  about  1,000  feet  (700  feet  below  sea  level, 
Plate  22).  The  gravels  exposed  in  the  Coyote  Hills  and  along  the  north  side 
of  the  area  are  believed  to  be  surface  outcrops  of  the  Sunnyside  aquifer. 

The  Pliocene  and  Miocene  sediments  below  the  San  Pedro  formation 
generally  contain  saline  water  in  this  area,  but  may  locally  contain  fresh 
water.   Plate  24A  shows  the  approximate  elevation  of  the  base  of  fresh  water- 
bearing sediments. 

The  available  data  suggest  that  some  of  the  water-bearing  sediments 
in  the  Whittier  Area  may  have  been  faulted.  However,  the  location  of  such 
faulting  and  its  effect  on  ground  water  has  not  been  determined. 

The  water-bearing  sediments  of  the  Whittier  Area  comprise  part  of 
the  generally  east-west  trending  La  Habra  syncline.  The  Recent  deposits 
are  essentially  undisturbed.  The  Lakewood  formation  underlying  the  Recent 
alluvium  is  also  generally  flat-lying,  though  in  some  areas  it  is  slightly 
tilted.  The  San  Pedro  formation,  however,  which  unconformably  underlies  the 
Lakewood  formation,  has  been  folded  sharply  and  its  flanks  are  exposed  in 
the  Coyote  Hills  and  on  the  south  side  of  the  Puente  Hills.  The  effects  of 
this  unconformity  and  the  outcrops  of  the  moderately  dipping  San  Pedro 
formation  upon  the  occurrence  and  movement  of  ground  water  will  be  discussed 
later . 

Geologic  Features  of  the  Central  Basin  Pressure  Area 

The  Central  Basin  Pressure  Area,  previously  known  as  the  Central 
Coastal  Plain  Pressure  Area,  is  overlain  by  the  Downey  Plain  and  parts  of 
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the  Santa  Fe  Springs,  Montebello,  La  Brea,  and  Bouton  Plains.  The  area  is 
generally  flat  and  slopes  gently  to  the  south.  Water-bearing  sediments  in 
the  Central  Basin  Pressure  Area  range  in  age  from  Recent  to  Pliocene  and 
extend  to  a  probable  maximum  depth  of  2,200  feet  northeast  of  the  City  of 
Lakewood.  Aquifers  have  been  defined  in  the  Recent  alluvium  and  the  Lake- 
wood  and  San  Pedro  formations. 

In  this  pressure  area  the  aquifers  are  confined  by  many  aquicludes, 
only  one  of  which  has  been  named.  This  is  the  near  surface  Bellf lower  aqui- 
clude  which  restricts  vertical  percolation  into  the  Gaspur  and  other  under- 
lying aquifers.  Water  levels  in  the  confined  area  form  a  piezometric  or 
pressure  surface  rather  than  a  free  ground  water  surface.  As  pressures 
change  from  aquifer  to  aquifer,  the  corresponding  piezometric  water  levels 
in  wells  tend  to  vary  according  to  which  aquifer  or  aquifers  are  used  for 
production.  Also,  as  the  aquicludes  vary  in  extent,  configuration,  permea- 
bility, and  thickness,  their  effectiveness  as  confining  members  also  changes 
from  place  to  place  and  with  this  change  an  exchange  of  water  between  aqui- 
fers may  take  place,  depending  on  the  direction  of  the  pressure  gradient. 

The  Recent  alluvium  covers  most  of  the  Central  Basin  Pressure 
Area,  and  attains  a  probable  maximum  depth  of  200  feet  near  the  City  of 
Bellflower.  It  contains  the  Semiperched  aquifer,  the  Bellflower  aquiclude, 
and  the  Gaspur  aquifer.  The  Semiperched  aquifer  consists  of  sands  and 
gravels  20  to  60  feet  thick  overlying  the  Bellflower  aquiclude. 

The  Bellflower  aquiclude  is  found  throughout  the  pressure  area 
and  is  composed  mainly  of  clay  and  silt;  however,  there  are  numerous  areas 
where  it  consists  mainly  of  clayey  sands  and  gravels  and  where  its  effective- 
ness as  an  aquiclude  is  limited.  It  ranges  from  a  few  feet  to  160  feet  in 
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thickness  (Plate  9A).  It  extends  downward  to  about  200  feet  (l^O  feet  below 
sea  level)  southwest  of  the  City  of  Bellf lower  (Plate  8A).  The  Bellf lower 
aquiclude  is  also  present  in  the  Lakewood  formation  but  no  effort  has  been 
made  to  define  separately  the  areas  where  the  aquiclude  is  identified  with 
each  age.  The  Gaspur  aquifer  extends  south  from  the  forebay  areas  in  two 
separate  arms  which  merge  in  the  vicinity  of  the  City  of  Lynwood  and  then 
extend  south  along  the  course  of  the  Los  Angeles  River  to  the  ocean.  The 
Gaspur  aquifer  consists  of  coarse  sand  and  gravel  and  ranges  in  thickness 
from  40  to  100  feet  (Plate  11A).  The  maximum  depth  of  about  190  feet  (170 
feet  below  sea  level)  occurs  in  the  vicinity  of  Terminal  Island  in  San  Pedro 
Bay  (Plate  10B). 

The  Lakewood  formation,  of  late  Pleistocene  age,  extends  over  all 
of  the  Central  Basin  Pressure  Area.   It  contains  part  of  the  Bellflower 
aquiclude  and  the  Artesia,  Exposition,  Gage,  and  Gardena  aquifers.  The 
water-bearing  materials  immediately  underlying  the  Bellflower  aquiclude 
west  of  the  easterly  arm  of  the  Gaspur  aquifer  are  called  the  Exposition 
aquifer.  The  water-bearing  materials  immediately  underlying  the  Bellflower 
aquiclude  east  of  this  arm  of  the  Gaspur  aquifer  are  called  the  Artesia 
aquifer  and  are  believed  to  be  contemporary  both  in  age  and  mode  of  depo- 
sition with  the  materials  in  the  Exposition  aquifer.  The  boundary  between 
the  Artesia  and  Exposition  aquifers  is  somewhere  in  the  center  of  the  basin 
under  the  Gaspur  aquifer.  All  three  aquifers  are  in  hydraulic  continuity. 
Both  the  Artesia  and  Exposition  aquifers  consist  of  sand  and  gravel  with 
local  areas  of  interbedded  clay.  The  Exposition  aquifer  ranges  from  20  to 
over  100  feet  in  thickness  (Plate  11A)  and  reaches  a  maximum  depth  of  about 
230  feet  (120  feet  below  sea  level)  southeast  of  Huntington  Park  (Plate  10A). 
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The  Artesia  aquifer  consists  of  10  to  140  feet  of  sand  and  gravel  with  some 
interbedded  clays  ( Plate  11A) .  It  extends  down  to  a  maximum  depth  of  230 
feet  (220  feet  below  sea  level)  southeast  of  the  City  of  Lakewood  (Plate  10A) . 

The  Gage  and  Gardena  aquifers  of  the  Lakewood  formation  are  also 
considered  to  be  the  same  age.  Their  relationship  was  discussed  in  this 
chapter  in  the  section  on  the  West  Coast  Basin.  The  Gage  aquifer  consists 
of  fine-grained  sand  and  silty  sand  ranging  from  5  to  120  feet  in  thickness 
(Plate  13A).  The  maximum  depth  attained  is  380  feet  (350  feet  below  sea 
level)  west  of  the  City  of  Lakewood  (Plate  12A).  The  Gardena  aquifer  con- 
sists of  coarse-grained  sand  and  gravel  from  10  to  60  feet  in  thickness. 
It  extends  down  to  a  depth  of  about  390  feet  (350  feet  below  sea  level)  near 
the  City  of  Lynwood.  The  Gage  and  Gardena  aquifers  mark  the  base  of  the 
Lakewood  formation  and  along  this  base  they  abut  the  underlying  San  Pedro 
formation  unconformably. 

The  San  Pedro  formation,  present  throughout  the  Central  Basin 
Pressure  Area,  contains  some  of  the  most  important  aquifers  in  the  area. 
In  all,  five  aquifers,  the  Hollydale,  Jefferson,  Lynwood,  Silverado,  and 
Sunnyside,  have  been  delineated. 

Two  relatively  minor  aquifers,  the  Hollydale  and  Jefferson  aqui- 
fers, are  present  in  the  upper  part  of  the  San  Pedro  formation  in  the  Central 
Basin  Pressure  Area.  The  Hollydale  aquifer,  uppermost  of  the  two,  (Plates 
Ik   and  15)  extends  over  approximately  60  percent  of  the  area.   It  is  mostly 
sand  and  silty  sand  with  interbedded  clays,  though  some  gravel  is  found 
locally.  It  ranges  from  approximately  10  to  100  feet  in  thickness,  and  the 
maximum  depth  of  about  570  feet  (500  feet  below  sea  level)  is  reached  a  few 
miles  east  of  the  City  of  Compton.  The  Jefferson  aquifer  (Plates  16  and  17) 
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is  present  over  only  ko   to  50  percent  of  the  pressure  area.   It  is  mostly- 
fine-grained  sand  with  scattered  lenses  of  gravel,  and  ranges  in  thickness 
from  about  10  feet  to  over  1^0  feet.  The  maximum  depth  of  approximately 
720  feet  (650  feet  below  sea  level)  is  found  near  the  Orange  County  line 
southeast  of  the  City  of  Norwalk.  Although  these  two  aquifers  are  not 
continuous  over  the  entire  Central  Basin  Pressure  Area,  they  are  important 
sources  of  water  in  some  localities. 

Both  the  Lynwood  and  Silverado  aquifers  yield  considerable  water 
to  wells  in  the  Central  Basin  Pressure  Area.  The  Lynwood  aquifer  (Plates 
l8A  and  19A)  is  composed  mainly  of  coarse-grained  sands  and  gravels,  ranging 
in  thickness  from  less  than  50  feet  to  over  150  feet.  The  maximum  depth  of 
about  1,030  feet  (950  feet  below  sea  level)  occurs  southeast  of  the  City  of 
Norwalk.   The  Silverado  aquifer  (Plates  20A  and  21A)  is  composed  largely  of 
sands  and  gravels,  ranging  in  thickness  from  about  fifty  feet  to  over  k^O 
feet.  The  greates.t  depth  is  found  north  of  the  City  of  Lakewood,  where  its 
base  is  about  1,240  feet  below  the  ground  surface  (1,200  feet  below  sea 
level ) .  The  base  of  the  Silverado  aquifer  was  thought  to  correspond  to  the 
base  of  the  Pleistocene  deposits  and  of  fresh  water  in  the  West  Coast  Basin, 
where  it  was  first  named.  In  the  Central  Basin,  however,  the  Sunnyside 
aquifer  has  been  differentiated  below  the  Silverado  aquifer. 

The  Sunnyside  aquifer  (Plates  22  and  23)  marks  the  base  of  the  San 
Pedro  formation  in  most  parts  of  the  Centra]  Basin  Pressure  Area.  It  varies 
from  about  70  feet  to  over  500  feet  in  thickness  and  consists  of  sand,  and 
sand  and  gravel.  The  maximum  depth  of  about  1,700  feet  (1,660  feet  below 
sea  level)  occurs  east  of  the  City  of  Lakewood. 
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Below  the  Sunnyside  aquifer  is  a  thick  section  of  Pliocene  deposits, 
the  coarse  zones  of  which  contain  fresh  water,  as  indicated  by  electric  logs 
of  oil  wells.  Around  the  margins  of  the  Central  Basin  Pressure  Area,  where 
many  oil  fields  exist  and  more  data  are  available,  it  is  apparent  that  the 
fresh  water  was  introduced  into  the  Pliocene  sediments  by  flushing  the  saline 
water  toward  the  ocean.  Much  of  the  pressure  area  is  in  the  South  Gate-Santa 
Ana  depression  where  only  widely  scattered  exploratory  type  oil  well  data 
are  available.  No  contours  depicting  the  base  of  fresh  water  could  be  drawn 
through  this  area;  however,  the  replacement  of  saline  waters  with  fresh 
water  appears  to  have  occurred  here  as  well. 

The  structural  features  which  control  or  influence  the  occurrence 
and  movement  of  ground  water  in  the  Central  Basin  Pressure  Area  are  the 
South  Gate-Santa  Ana  depression  and  the  Newport- Inglewood  uplift.  The 
South  Gate-Santa  Ana  depression  extends  from  south  of  Beverly  Hills  into 
Orange  County.   It  is  bounded  by  transitional  structures  adjacent  to  the 
Puente  and  Repetto  Hills  on  the  northeast  and  the  Newport- Inglewood  uplift 
on  the  southwest.  The  Recent  sediments  in  this  depression  are  generally 
flat-lying  as  are  the  underlying  deposits  of  the  Lakewood  formation.  The 
San  Pedro  formation,  however,  is  moderately  folded  and  unconformably  under- 
lies the  younger  formations  in  most  of  the  Central  Basin. 

The  major  structural  features  in  the  South  Gate-Santa  Ana  de- 
pression are  the  Paramount  syncline  and  Los  Alamitos  fault,  and  the  Norwalk 
syncline.  These  structures  appear  to  be  developed  only  in  the  San  Pedro 
formation,  and  they  do  not  affect  the  overlying  younger  sediments.  The 
Paramount  syncline  underlies  the  City  of  Paramount  and  extends  northwesterly 
to  the  Inglewood  fault  north  of  the  Baldwin  Hills.  The  Los  Alamitos  fault 
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appears  as  an  extension  of  the  axis  of  the  Paramount  syncline  southeast  of 
the  City  of  Paramount.  The  Norwalk  syncline  extends  from  the  City  of  Nor- 
walk. southeasterly  to  the  Orange  County  line.  It  is  separated  from  the 
Los  Alamitos  fault  by  an  unnamed  anticlinal  fold  which  extends  into  Orange 
County.  None  of  these  structural  features  appear  to  materially  affect 
ground  water  movement  in  the  Central  Basin  Pressure  Area. 

The  faults  and  anticlinal  folds  of  the  Newport- Inglewood  uplift 
mark  the  west  and  southwest  boundary  of  the  Central  Basin  Pressure  Area  and 
are  partial  barriers  to  movement  of  ground  water  from  the  Central  Basin  to 
the  West  Coast  Basin,  as  has  been  previously  discussed. 
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Occurrence  of  Ground  Water  in  the  Central  Basin 

In  all  four  areas  of  the  Central  Basin  ground  water  is  found  in 
the  Recent  alluvium,  the  Lakewood  and  3an  Pedro  formations,  and  sometimes 
in  the  older  sediments.  The  aquifers  in  these  formations  have  been  dis- 
cussed above  under  separate  headings  for  each  area  of  the  Central  Basin. 
The  paragraphs  that  follow  will  take  up  the  movement  of  ground  water  into 
and  through  the  Central  Basin  as  a  whole,  rather  than  by  separate  areas. 

Ground  water  enters  the  Central  Basin  through  surface  and  sub- 
surface flow  and  by  direct  percolation  of  precipitation,  stream  flow,  and 
applied  water.  The  main  surface  and  subsurface  flow  into  the  basin  is 
through  the  Los  Angeles  and  Whittier  Narrows  from  the  ground  water  basins 
in  the  interior  valleys.  However,  minor  subsurface  flow  probably  enters 
the  area  from  the  bordering  relatively  impermeable  formations,  and  some 
subsurface  flow  can  take  place  from  the  other  surrounding  ground  water  basins. 

Replenishment  of  the  aquifers  by  percolation  of  precipitation, 
stream  flow,  and  applied  water  occurs  in  the  forebay  areas  where  permeable 
sediments  are  exposed  at  ground  surface .   In  addition,  some  water  also  moves 
into  the  aquifers  where  they  crop  out  on  the  surface  against  the  surrounding 
highlands  and  in  those  portions  of  the  pressure  area  where  the  Bellflower 
aquiclude  is  missing  or  contains  considerable  sand  and  gravel. 

In  the  Los  Angeles  and  Montebello  Forebay  Areas  the  aquifers  are 
in  hydraulic  continuity  in  varying  degrees,  with  each  other  and  with  the 
ground  surface.  In  some  instances  this  hydraulic  continuity  results  from 
the  aquifers  being  superposed  one  on  another  with  no  intervening  clay  members , 
Areas  where  each  aquifer  is  merged  with  the  overlying  one  are  shown  on  the 
plates  depicting  lines  of  equal  elevation  on  the  base  of  each  aquifer 
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(Plates  10A,  12A,  14,  16,  l8A,  20A,  and  22).   In  other  portions  of  the 
forebay  areas  aquiclud.es  present  between  the  aquifers  restrict  direct  move- 
ment of  ground  water  between  aquifers .  However,  these  aquicludes  are  not 
continuous  over  the  entire  area;  consequently,  the  hydraulic  gradient  con- 
trols the  lateral  movement  of  ground  water  to  points  where  the  aquifers 
are  merged. 

The  areas  of  contact  between  aquifers  and  areas  of  contact  with 
the  ground  surface  are  important  because  it  is  only  through  these  areas 
that  surface  water  can  be  introduced  by  spreading  into  the  aquifers  in 
major  quantity.  The  most  important  area  in  this  regard  in  the  Coastal  Plain 
of  Los  Angeles  County  is  in  the  vicinity  of  the  Whittier  Narrows  in  the 
Montebello  Forebay  Area  because  of  the  interconnection  of  the  deeper 
aquifers  through  the  shallower  ones  to  the  ground  surface.  This  condition 
also  exists  in  the  vicinity  of  the  Los  Angeles  Narrows  in  the  Los  Angeles 
Forebay  Area,  but  the  paving  of  this  area  has  essentially  eliminated  sur- 
face recharge  to  the  aquifers  below. 

Plate  25,  entitled  "Areas  Where  Aquifers  are  Merged  with  Permeable 
Surface  Deposits  or  Overlying  Aquifers  in  Vicinity  of  Whittier  Narrows" 
shows  the  generalized  interconnections  in  and  near  the  Whittier  Narrows 
in  the  Montebello  Forebay  Area  and  the  areas  of  essentially  direct  con- 
nection between  the  aquifers  and  the  ground  surface.  This  plate  was  derived 
from  the  detailed  delineation  of  the  areas  of  mergence  shown  on  the  plates 
depicting  lines  of  equal  elevation  on  the  base  of  each  aquifer. 

Water  applied  on  the  surface  can  move  directly  into  the  Gaspur 
aquifer  within  the  area  shown  on  Plate  25.   The  Gage  and  Gardena  aquifers 
immediately  underlie  the  Gaspur  aquifer  and  they  are  in  hydraulic  contin- 
uity. Eelow  the  Gage  and  Gardena  aquifers  are  the  Hollydale  and  Jefferson 
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aquifers  which  are  generally  merged  with  the  Gage  and  Gardena  aquifers. 
This  relationship  is  shown  on  Plates  12A,  Ik,    16,  and  Plate  25.  These 
interconnections  provide  essentially  complete  continuity  with  the  surface 
through  the  Gaspur  aquifer.  The  areas  of  mergence  of  the  deeper  aquifers 
with  the  overlying  ones  are  much  more  restricted  and  these  limited  areas 
are  shown  on  Plate  25  as  well  as  on  Plates  l8A,  20A,  and  22.   It  will  he 
noted  from  Plate  25  that  the  area  of  direct  vertical  recharge  from  the 
ground  surface  to  the  Lynwood  aquifer  is  ahout  one-third  of  the  area  of  the 
Gaspur  in  contact  with  the  ground  surface.  The  area  of  direct  vertical 
recharge  to  the  Silverado  and  Sunnyside  aquifers  is  even  more  restricted 
and  is  limited  to  a  very  small  area  in  the  immediate  vicinity  of  Whittier 
Narrows  Dam.  These  limited  areas  of  interconnection  severely  restrict 
the  amount  of  recharge  that  can  directly  reach  the  deeper  aquifers  from 
the  ground  surface.  Fortunately,  the  areas  of  mergence  through  which  water 
can  reach  the  lower  aquifers  by  devious  paths  is  considerably  larger  than 
shown  on  Plate  25  (see  Plates  12A,  Ik,    16,  l8A,  20A,  and  22).  Therefore, 
even  though  the  direct  downward  infiltration  may  be  restricted  or  entirely 
impeded  by  an  intervening  aquiclude,  water  can  move  laterally  in  one  aquifer 
to  a  point  where  the  aquifer  is  merged  with  a  lower  one,  permitting  water 
applied  at  the  surface  to  reach  and  replenish  the  deeper  aquifers. 

The  areas  of  mergence  between  aquifers  in  the  Los  Angeles  Forebay 
also  are  shown  on  the  plates  depicting  lines  of  equal  elevation  on  the 
base  of  each  aquifer.  It  is  evident  that  considerable  opportunity  existed 
for  infiltration  of  water  from  the  ground  surface  into  the  Gaspur  aquifer 
and  on  into  the  deeper  aquifers  of  the  basin.  However,  as  noted  before, 
this  area  now  is  essentially  covered  with  impervious  material  and  the 
opportunity  for  surface  recharge  of  the  aquifers  is  practically  nonexistent. 
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This  is  unfortunate  from  the  standpoint  of  ground  water  basin  utilization 
since  the  available  storage  capacity  in  the  Los  Angeles  Forebay  is  large. 

Under  present  conditions,  ground  water  in  the  Montebello  Forebay 
Area  moves  into  the  Los  Angeles  Forebay  Area,  the  Whittier  Area,  and  the 
Central  Basin  Pressure  Area.   Ground  water  from  the  Los  Angelec  Forebay 
Area  also  moves  into  the  Central  Basin  Pressure  Area.   In  the  northern 
portion  of  the  pressure  area  a  ground  water  mound  exists  which  separates 
ground  water  movement  into  two  parts.   North  of  this  mound  ground  water 
moves  northward  into  the  Hollywood  Basin  while  south  of  this  mound  ground 
water  moves  southwesterly  toward  the  West  Coast  Basin. 

Ground  water  movement  in  the  Whittier  Area  in  July  1958  was  to 
the  west  and  southwest  in  both  the  deep  and  shallow  aquifers.   The  Santa  Fe 
Springs-Coyote  Hills  uplift,  the  axis  of  which  serves  as  the  southern  bound- 
ary of  the  Whittier  Area,  appears  to  restrict  ground  water  movement  to  the 
south  into  the  Central  Basin  Pressure  Area  in  the  aquifers  of  the  Lakewood 
formation.  The  aquifers  of  the  San  Pedro  formation  are  continuous  across 
the  uplift  and  it  is  reasonable  to  assume  that  ground  water  movement  to 
the  south  could  take  place  if  the  hydraulic  gradient  sloped  in  that  direction. 

Historically,  subsurface  flow  took  place  from  the  Central  Basin 
across  the  Newport- Inglewood  uplift  into  the  West  Coast  Basin.   However, 
pumping  has  lowered  the  water  level  in  the  Central  Basin  and  at  present 
water  levels  in  some  aquifers  are  about  equal  on  both  sides  of  the  Newport- 
Inglewood  uplift.  Further  lowering  of  water  levels  on  either  side  of  the 
uplift  could  result  in  a  hydraulic  gradient  being  established  which  would 
slope  toward  the  point  of  the  lower  water  level  with  a  consequent  flow  of 
water  in  that  direction.  A  relatively  small  amount  of  subsurface  flow 
occurs  out  of  the  Central  Basin  Pressure  Area  because  most  of  the  ground 
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water  moves  to  a  series  of  pumping  holes  developed  along  the  Newport- 
Inglewood  uplift  north  of  Dominguez  Hill,  along  the  Cherry  Hill  fault,  north 
of  Signal  Hill  and  in  the  Lakewood  area.  From  these  areas  the  water  is  re- 
moved by  pumping  for  industrial,  irrigation,  and  domestic  uses. 

The  movement  of  ground  water  across  the  Los  Angeles-Orange  County 
line,  which  forms  the  eastern  boundary  of  the  Central  Basin,  is  entirely 
dependent  on  the  hydraulic  gradient  in  that  area,  as  no  physical  barrier 
to  ground  water  movement  exists  except  for  the  Coyote  Hills. 

Transmissibility  rates  of  aquifers  in  Central  Basin  as  shown  on 
Plates  26a  through  26l  are  extremely  variable,  ranging  up  to  400,000  gallons 
per  day  per  foot  of  width,  although  most  of  the  aquifers  have  transmissi- 
bility rates  of  less  than  100,000. 

The  Gaspur  aquifer  (Plate  26a)  generally  has  a  transmissibility 
rate  of  less  than  200,000  gallons  per  day  per  foot,  but  has  a  maximum  of 
400,000  in  a  small  area  in  Whittier  Narrows.  Transmissibility  rates  in 
the  Artesia- Exposition  aquifer  average  about  30,000  with  a  maximum  trans- 
missibility rate  of  about  70>000  in  several  small  areas  (see  Plate  26B, 
"Lines  of  Equal  Transmissibility  of  the  Artesia-Exposition  Aquifers"). 
The  Gage  and  Gardena  aquifers  (Plate  26c)  also  have  average  rates  of  about 
30,000  but  reach  a  maximum  value  of  about  100,000  near  Long  Beach  and  in 
the  Whittier  Narrows.  The  transmissibility  rates  of  the  Hollydale  and 
Jefferson  aquifers,  shown  on  Plates  26D  and  26E  entitled,  "Lines  of  Equal 
Transmissibility  of  the  Hollydale  Aquifer"  and  "Lines  of  Equal  Transmis- 
sibility of  the  Jefferson  Aquifer",  respectively,  have  average  values  of 
about  20,000  gallons  per  day  per  foot  of  width.  The  Lynwood  aquifer 
rates  (Plate  26F)  average  about  40,000  but  attain  a  maximum  transmissibility 
rate  of  about  100,000  gallons  per  day  per  foot  of  width  in  several  areas. 
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The  Silverado  aquifer  (Plate  26G)  averages  about  60,000  but  reaches  a 
maximum  of  400,000  near  the  intersection  of  Carson  and  Atlantic  Boulevards. 
Data  on  the  Sunny side  aquifer  in  the  middle,  deeper  portion  of  Central 
Basin  is  not  very  complete,  but  it  appears  to  have  an  average  transmis- 
sibility  rate  of  about  100,000  with  a  maximum  of  300*000  in  several  areas 
as  shown  on  Plate  26H,  "Lines  of  Equal  Transmissibility  of  the  Sunnyside 
Aquifer". 

The  overall  transmissibility  of  all  aquifers  in  the  Central 
Basin  is  of  considerable  importance.   It  may  be  noted  on  Plate  26l  that 
high  transmissibility  rates  exist  from  Whittier  Narrows  toward  Long  Beach 
and  Compton,  but  that  an  area  of  low  transmissibility  separates  the 
Montebello  and  Los  Angeles  Forebays.  This  low  transmissibility  partly 
explains  the  existence  of  the  large  pumping  depression  around  Huntington 
Park  and  Vernon,  where  pumping  rates  are  generally  not  much  higher  than 
in  the  Downey  area  but  there  no  pumping  depression  exists. 

While  the  Central  Basin  Pressure  Area  is,  as  its  name  signifies, 
essentially  an  area  of  confined  aquifers,  free  ground  water  conditions 
exist  in  the  Semiperched  aquifer  overlying  the  Bellflower  aquiclude,  and 
probably  in  the  vicinity  of  Baldwin  Hills  where  the  San  Pedro  formation 
is  exposed  at  the  surface.  In  addition,  changes  in  ground  water  storage 
have  occurred  immediately  south  of  the  two  forebay  areas  in  the  upper 
aquifers  directly  underlying  the  Bellflower  aquiclude. 

In  past  ground  water  studies  of  the  Central  Basin,  it  was  believed 
that  the  clay  layer  or  cap  covered  all  of  the  basin  south  of  the  forebay 
areas  and  effectively  prevented  any  percolation  of  surface  water  into 
the  aquifers  below.  Plate  9  shows  places  where  this  clay  cap,  the  Bell- 
flower  aquiclude,  contains  considerable  amounts  of  sand  and  gravel.   In 
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these  areas,  water  applied  on  the  surface  could  percolate  down  into  the 
underlying  aquifers  and  it  is  possible  that  free  ground  water  conditions 
may  exist  from  the  surface  down  through  one  or  more  of  the  upper  aquifers . 
These  areas  increase  the  total  area  of  the  Central  Basin  where  changes  in 
ground  water  storage  can  occur  with  changing  water  levels  and  where  re- 
plenishment by  deep  percolation  can  occur.   In  addition,  changes  in  storage 
in  the  Bellflower  aquiclude  itself  is  believed  to  occur  as  water  levels 
are  lowered.   These  changes  in  storage  are  relatively  small  however,  be- 
cause of  the  relatively  low  specific  yield  assigned  to  much  of  these 
sediments . 

Total  capacity  to  store  ground  water  in  the  Central  Basin  above 
the  base  of  the  Sunnyside  aquifer,  or  the  Silverado  aquifer  where  the 
Sunnyside  is  missing,  is  about  13,800,000  acre-feet.  Historically  utilized 
storage  since  1904  amounts  to  about  780,000  acre-feet.  As  noted  before, 
this  change  in  storage  has  occurred  primarily  in  the  Montebello  and  Los 
Angeles  Forebay  Areas;  however,  some  of  the  change  in  storage  occurred  in 
the  pressure  area  immediately  south  of  these  areas  where  water  levels  were 
lowered  below  the  base  of  the  Bellflower  aquiclude  and  near  the  Repetto 
and  Whittier  Hills  where  the  San  Pedro  formation  crops  out  at  the  surface. 
The  storage  capacity  between  high  water  levels,  which  occurred  in  1904, 
and  sea  level  amounts  to  about  1,3^0,000  acre-feet. 

The  storage  and  storage  change  for  the  Central  Basin  listed  above 

may  be  broken  down  between  the  generalized  areas  delineated  on  Plate  2  as 

follows:  Total  storage  to   Storage  between   Historically 

base  of        high,  water  and     utilized 
deepest  aquifer      sea  level        storage 

Los  Angeles  Forebay  Area  1,800,000  ^30,000  190,000 

Montebello  Forebay  Area  1,800,000  Ul0,000  230,000 

Whittier  Area  600,000  60,000  20,000 
Central  Basin  Pressure 

Area  9,600,000  4^0,000  3^0,000 

Total  13,800,000  1,31+0,000  730,000 
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CHAPTER  VII.   CONCLUDING  REMARKS 

This  report  has  been  compiled  primarily  for  use  in  studies 
of  ground  water  hydrology,  quality,  and  basin  operation.  While  it  is 
true  that  considerable  detail  is  shown  on  the  plates  and  discussed  in 
the  text,  the  emphasis  has  been  on  general  relationships  between  the 
aquifers,  geologic  structures,  and  ground  water.   Detailed  investiga- 
tions of  small  areas  may  indicate  that  there  are,  in  reality,  many  more 
aquifers,  and  that  their  relationships  are  more  complex  than  outlined 
here.   It  is  to  be  expected  that  many  of  the  details  presented  in  this 
report  will  eventually  be  revised.  However,  it  is  believed  that  this 
report  provides  a  foundation  for  further  refinement  and  revision  of  the 
geology  of  the  fresh  water-bearing  sediments. 

Before  additional  refinements  and  revisions  can  be  made  it 
will  be  necessary  to  accumulate  more  basic  data.   Accordingly  the  fol- 
lowing observations  and  recommendations  are  proffered: 

l)  This  study  has  shown  the  value  of  the  continuous  collec- 
tion of  geologic  and  hydrologic  data  in  order  to  better  understand  the 
physical  limits  of  ground  water  basins,  their  aquifers  and  structures, 
and  the  movement  and  occurrence  of  their  contained  ground  water.   Where 
detailed  information  was  available,  the  geologic  interpretation  was 
easier  and  certain,  but  not  necessarily  final.   Areas  that  were  deficient 
in  data  required  an  extension  of  basic  concepts  from  known  areas  into 
unknown  areas.   It  was  here  that  the  experience  gained  from  similar  studies 
in  Southern  California  proved  of  value. 

Development  of  highland  areas  is  expanding  and  more  wells  are 
being  drilled  in  volcanic  rocks,  older  sediments,  and  the  alluvium  of 
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mountain  valleys.   Although  these  areas  are  not  in  the  principal  ground 
water  basins,  the  increased  requests  by  the  public  for  information  on 
the  ground  water  resources  in  the  highlands  have  shown  a  need  for  more 
study  of  these  upland  areas. 

It  is  therefore  recommended  that  the  data  collection  program 
be  continued  for  areas  both  in  the  principal  ground  water  basins  as  well 
as  the  lesser  basins  and  highland  areas.   With  more  detailed  information, 
the  complex  problems  which  will  arise  as  ground  water  usage  increases  will 
be  easier  to  analyze  and  perhaps  solve.   A  continuous  program  of  limited 
data  collecting  will  also  be  necessary  for  a  re-evaluation  of  areas  already 
studied. 

2)  Similar  studies  of  adjacent  areas  should  clarify  marginal 
basin  features  in  the  Coastal  Plain  of  Los  Angeles  County.  The  regional 
interpretation  sometimes  sheds  light  on  the  local  conditions.   Conversely, 
information  gained  in  this  investigation  will  facilitate  studies  in  these 
adjacent  areas. 

3)  There  is  a  need  for  more  exploratory  wells  in  areas  where 
data  is  now  deficient,  in  areas  of  sea-water  intrusion,  and  in  areas  of 
complex  geologic  structures.   These  wells  should  be  carefully  logged  by 
geologists,  soil  samples  taken  and  examined  for  fossil  or  microfossil  con- 
tent, and  water  samples  analyzed  for  water  quality  changes  both  in  the 
vertical  sequence  of  aquifers  and  laterally.  Upon  completion  of  the  wells 
they  should  be  pumped  for  transmissibility  tests  and  to  verify  barrier 
effects,  if  any,  of  geologic  structures. 

k)     There  is  a  need  for  more  control  over  the  abandonment  of 
water  wells,  such  as  the  control  that  now  exists  in  the  oil  well  program, 
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to  protect  the  aquifers  containing  good  quality  water  from  degradation 
or  contamination  from  the  surface  or  from  other  aquifers  of  poorer 
quality  water. 

5)  As  more  information  becomes  available  for  the  deeper 
Pliocene  water-bearing  materials,  aquifers  should  be  delineated  and 
identified. 

6)  The  present  communication  and  cooperation  between  agen- 
cies conducting  geologic  and  ground  water  investigations  in  Southern 
California  should  be  continued  and  improved.  This  reduces  the  cost  of 
future  studies  and  eliminates  duplication  of  effort. 
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TABLE 


1954) 


Signal  Hill  Area 
(After  Delong,   1941) 


lum  and  stream 
ces  10  ft. 


Coastal  Plain  of  Loa  Angeles 
County  (this  report) 


Uuvium  of 
d  sands,   silts, 
and  dark  gumbo 
.  thick 


e  sand  and 
1,   cross-bed- 
slumping,   clay 
with  reeds 
t.  thick 

Town  silt  and 
concretions, 
s  abundant, 
t.  thick 


Not  shown  in  report 


Palos  Verde s 
sands 


Micaceous  sand  and 
gray  gravel  20  ft, 
thick 


(Unconformity) 


San  Pedro  Unconsolidated  brown- 

sa"ds  gray  sand  15  ft.  thick. 

Coarse  gray-brown  sand, 
brown  gravel  20  ft. 
thick. 

Fine  unconsolidated 
brown  and  gray  sands 
40  ft.  thick 


(Unconformity) 


Pico  formation 


Re petto 
formation 


Sandstone,   sandy  shale 
and  shale  1300±  ft. 
thick 

Sands  and  shales 
2300*  ft.  thick 


nissing 


Hard  black  shale 
oil  bearing 


Not  exposed  or  missing 


Alluvium 


Active  Dune 
sand 


Gravel,    sands,    silt 
and  clay 

White  or  gray 
well   sorted  sand 


Older  Dune 
sand 


Lake  wood 
formation 


Fine -to -medium  sand 
with  sandy  silt, 
and  gravel  lenses 

Marine  and  continen- 
tal gravel,    san(^t 

sandy  silt,    silt,   and 
clay  with  shale 
pe  bble  s 


San   Pedro 
formation 


Undiff.  San 
Pedro  formation 
and/or  Pico 
formation 

Pico  formation 


Repetto  formation 


Marine  and  continen- 
tal gravel,    sand, 
sandy  silt,    silt  and 
clay 

Marine,   partly  con- 
solidated gravel, 
sand,   silt  and  clay 


Marine  sand,   silt, 
and  clay  interbedded 
with  gravels 

Marine  siltstone 
with  layers  of 
sandstone  and  conglom- 
erate 


Miocene 
sediments 
and 
volcanics 


Modelo  formation 
(Santa  Monica  Mts.) 
Monterey  formation 
(Palos  Verdes  Hills) 
Puente  formation 
(Elysian,   Repetto 
and  Puente  Hills) 


Vaqueros  and 
Sespe  formations 


Continental  red 
conglomerate  and 
sandstone 


Martinez 
formation 


Marine  conglomerate, 
sandstone,    sandy 
shale  and  shale 


Undivided  Martinez  and 
Chico  formations 


Chico  formation 
and  intruaives 


Marine  naru  conglomer- 
ate,   sandstone  and 
shale 

Continental  conglomer- 
ate  and  sandstone 


Catalina  schist 


Varied  schistose 
rocks 


Santa  Monica 
slate 


Slates,  mica 
schists  with  quartz 
veins 
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.uvial,   coastal       lhconsolia.it?!  Mud, 
1  dune  deposits       gravel,  silt  and 

clay  of  lagoonal  at'd 
fluvial  origin. 
0-175  ft.  thick 


Alluvium 

Floodplain  deposits 
Lagoonal  marshlands 
Beach  deposits 
Playa  lake  deposits 
Dune  sand 


0-200  ft.  thick 
0-150  ft.  thick 
0-25*.  ft.  thick 
0-25*  ft.  thick 
0-ZOt  ft.  thick 
0-200  ft.  thick 


(Local   unconformity) 


Palos  Verde B 


Palos  Verdes  sand 


Unnamed   upper 

Pleistocene- 

deposits 


Nonmarine,    red-brown 
sand,   silt,   and  soil, 
underlain  by  marine 
sand  and  gravel, 
50  ft.  thick 

Gravel,  sand,  silt, 
and  clay  of  fluvial 
and  marine  origin 


Paloe  Verdes   sand 


0-20  ft.  thick 

Mlirvlsl    Plnln 

Red-brovn  breccia  eon- 

0-50  ft.  thick 

deposits 

glomerate  and  sand- 
stone,  earthy  matrix. 

Upper  fine- 

0-300 ft.  thick 

grained 

0-300  ft.  thick 

Fossilif.  gray  sand- 

Lower coarse- 

pleistocene 

stone,   sandy  cl  ay  stone  , 

grained 

conglomerate .     5-100  ft 

0-250  ft.  thick 

thick 

Upper  Plelstocei 

e         Old  alluvium  of 

Sunny  Hills 

bedded  sands,   silts 

clay  and  dark  gumbo 

40  ft.  thick 

Palos   Verdas 


Older  Dune 


(Local   unconformity) 


i,  Local   uri'iiT-iformityj 


( Unconformity) 


San  Pedro  sand 
Tirana  Point   silt 
Lomita  marl 


jan  Pedro  forma-  Unconsolidated  to 

tion  including  consolidated 

Tirana  Point  silt  gravels,   sand,   silt, 

and  Lomita  marl  and  clay  (marine  to 

fluvial  origin) 


San  Pedro  forma- 
tion (San  Pedro 

sand.   Tunas  Point 
silt,   Lomita  marl) 


Lower  Pleisto-  Fossiliferoua.  Con- 
cene  (or  upper  glomerate,  sandstone 
Pliocene  and  sandy  day.  100 

ft.  thick 


Honmarine  conglomer- 
ate,  gravel,   sand, 
silt;   poorly  consoli- 
dated,   cross-bedded 
1500  [?)  ft.  thick 


-tv  l 


Marine    and    continwi- 
tal   [ravel,   sand, 
sandy   allt,    silt,    ant 

clay  with    :.iale 
pebbles 


(Unconformity) 


Marine  sand  and 
gravel,   cross-bed- 
ding,  slumping,   clay 
beds  with  reeds 
200  ft.  thick 

Tan-brown  silt  and 

shells  abundant. 
245  ft.  thick 


Unconsolidated  brown- 
gray  sand  15  ft.  thick. 
Coarse  gray-brown  sand, 
brown  gravel  20  ft. 


Repetto  eiltstone 


?ico    formation 


Smdconsoli  *arire 
sand,  silt,  travel 
0-lcOO  ft.  thick 

Karine  sand,   silt- 
stone  and  clavstone, 
0-UliO  ft,  thic* 
Marine  sand,   silt- 
stone  and  clay at one 1 
0-(j70   ft.    thick 

:L/ical  uncon'orrity) 


(unconformity. I 


Upper  Pico  former-  0-1800  ft, 

tion  thick 

(Local   LUicnnTor.-Lltv) 


Marine  ailtalone, 
conglomerate  and 
sandstone 


Kiddle  and 
lower  Pico 
formation 


Pico  sUtstone 

Upper  Repetto 
Hiddle  Repetto 
Lower  Repetto 


(Local   unconformity) 


Sandy  siltstoi 

sllty 

5000  ft. 

Sandstoi 

merate.  1100  ft.thlok 

3andy  silt atone 

1100  ft.  thick 

Sandstone,   siltstoi 

1600  ft.  thick 


Sandstone,   sandy  shale 
and   shale  1300i  ft. 
thick 


ITalvntt  .natoaita 
Allaraira  shale 
xposeti  subeurfat 


t:onterey  shale  Sandstone,    silt- 

and  Puente  stone  and   shale, 

formation  0-i500  ft.  thick 


Monterey   shale 
and  Puente 
formation 


Lo  Marine  shale  and 

sandstone,  volcanic 
ash.  4550  ft.  thick 

_  i"n.':2nIa£nityJ 


.Local    uriconfornltyj 


Kiddle  Topanga 
formation 
Lower  Vaqueros 

(L)riconformitv) 


Conglomerate  with 
dark  red  matrix. 
750  ft.  thick 


not  exposed  or  mix; 


r.J  it 


Shale,    sandstone,   lim< 
stone,   fossil iferous 
algal   lurestone  reefs, 
250  ft.   thick 


Hot  exposed  or  missing 


exposed  or  missing 


Karine  conglomerate 
sandstone  and  shale, 
3000  ft.  thick 


Pico  formation 


Repotto  formation 


Marine  and  continen- 
tal  gravel,   aand, 

sandy  silt,    silt  and 

eiv 

Marine,    partly  con- 
solidated .;  ravel, 
sand,   silt  and  clay 

Marine    sand,    silt, 
and  clay  imerbedded 
with  gravels 


mitlon 
■■lea  KtS.) 
Monterey  formation 

irdas.  Hills] 
Puente  foriwtion 
(Elyslan,    HepettO 
and  Puente  Hills) 


DEPARTMENT  OP  WATER  RESOURCES,   SOUTHERN  CALIFORNIA  DISTRICT  1961 


I  [    ALLUVIUM      AN 

I '    OF     RECENT     0 

EI 


0      ASSOCIATED     DEPOSITS 
R    PLEISTOCENE     AGE 


I I    SEDIMENTARY      ROCKS     OF     MARINE     ORIGIN, 

F- -I    MAINLY     TERTIARY     WITH      SOME     CRETACEOUS 

CRYSTALLINE     AND    METAMORPHIC     ROCKS, 
JURASSIC    OR  OLDER;   SOME    TERTIARY    ROCKS 

VVVWVVVV  BOUNDARY     OF      INVESTIGATIONAL      AREA 

^—  KNOWN        FAULTS 

—  —  —  INFERRED    FAULT 

»   •    «  •  CONCEALED      FAULTS 


STATE    OF  CALIFORNIA 
DEPARTMENT     OF   WATER     RESOURCES 
SOUTHERN      CALIFORNIA     DISTRICT 

GROUND   WATER   GEOLOGY    OF   THE 

COASTAL    PLAIN    OF 

LOS   ANGELES    COUNTY 

GENERAL    GEOLOGY  AND  LOCATION   OF 
AREA    OF    INVESTIGATION 


SCALE    OF    MILES 
0  5 


1961 


10 


s*1- 


k  V  »     p    ■* 


1    ALLUVIUM      AN 
I 1    OF     RECENT     0 

I I    SEDH 

r— ■— I    MAIN 

E3 


LEGEND 

D      ASSOCIATED     DEPOSITS 
OR    PLEISTOCENE     AGE 


SEDIMENTARY      ROCKS     OF     MARINE     ORI8IN, 

LY     TERTIARY      WITH      SOME     CRETACEOUS 


CRYSTALLINE     AND    METAMORPHIC     ROCKS, 
JURASSIC    OR  OLDER;  SOME    TERTIARY    ROCKS 


VvVWVVVV  BOUNDARY     OF     INVESTIGATIONAL      AREA 

— ^—  KNOWN        FAULTS 

—  —  —  INFERRED     FAULT 

•   •    •  •  CONCEALED      FAULTS 


STATE     OT  CALIFORNIA 
DEPARTMENT     OF   WATER     RESOURCES 
SOUTHERN      CALIFORNIA     DISTRICT 

GROUND   WATER   GEOLOGY    OF   THE 

COASTAL    PLAIN    OF 

LOS   ANGELES    COUNTY 

GENERAL    GEOLOGY  AND  LOCATION   OF 
AREA    OF    INVESTIGATION 


SCALE    OF    MILES 
0  5 


1961 


10 


PLATE     2 


LEGEND 


BOUNDARY    BETWEEN    PHYSIOGRAPHIC 
FEATURES    (DOTTED   WHERE   APPROXIMATE 
OR  POORLY   DEFINED) 


____    BOUNDARY  OF  GROUND    WATER   BASIN 

BOUNDARY    OF    FOREBAY   AND  WHITTIER  AREA 

AXIS    OF    SUBMARINE    CANYON 


BOUNDARY     BETWEEN     FOREBAY    AND    PRESSURE     AREA 
FROM    BULLETIN     49    (CALIF.     D  WR      1934) 


STATE  OF  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 

SOUTHERN      CALIFORNIA      DISTRICT 

GROUND  WATER  GEOLOGY  OF  THE 

COASTAL  PLAIN  OF 

LOS  ANGELES  COUNTY 


PHYSIOGRAPHIC  FEATURES  AND 
GROUND  WATER  BASINS 


SCALE    OF    MILES 
0  2 

J— I 


PLATE     2 


LEGEND 


BOUNDARY    BETWEEN    PHYSIOGRAPHIC 
FEATURES    (DOTTED   WHERE    APPROXIMATE 
OR  POORLY   DEFINED) 

BOUNDARY  OF  GROUND    WATER   BASIN 

BOUNDARY   OF    FOREBAY  AND  WHITTIER  AREA 

AXIS    OF    SUBMARINE    CANYON 


BOUNDARY     BETWEEN     FOREBAY    AND    PRESSURE     AREA 
FROM    BULLETIN     43    (CALIF.     D.  W  R      1934) 


STATE  OF  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 

SOUTHERN     CALIFORNIA     DISTRICT 

GROUND  WATER  GEOLOGY  OF  THE 

COASTAL  PLAIN  OF 

LOS  ANGELES  COUNTY 

PHYSIOGRAPHIC  FEATURES  AND 
GROUND  WATER  BASINS 

SCALE     OF    MILES 
2  0  2  4 


BOUNDARY     BETWEEN    PHYSIOGRAPHIC 
FEATURES    (DOTTED    WHERE    APPROXIMATE 
OR  POORLY   DEFINED) 

BOUNDARY  OF  GROUND    WATER    BASIN 


90UN0ARY    OF    FOREBAY    AND  WHITTlER  AREA 

. 4XIS    OF    SUBMARINE    CANYON 


3TATI  OP  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 

SOUTHERN     CALIFORNIA     DISTRICT 

GROUND    WATER    GEOLOGY   OF    THE 

COASTAL     PLAIN    OF 

LOS    ANGELES    COUNTY 

PHYSIOGRAPHIC    FEATURES   AND 
GROUND  WATER    BASINS 

SC*LE  OF  MILES 


PLATE     3A 


LEGEND 


SEDIMENTARY     ROCKS 


|      Qol 


QSf        |        ACTIVE      DUNE      SANO 

WHITE      OR     GREYISH.     WELL     SORTED     SAND 


PLEISTOCENES 


OLDER      DUNE      SAND 
FINE      TO     MEDIUM     SAND    ' 


UN     SILT.     AND    GRAVEL     LENSE5 


Q*p-Pp  I 


LAKEWOOD     FORMATION     (INCLUDES     'TERRACE    DEPOSITS" 
"PALOS   VERDES    SANO."    AND     "UNNAMED    UPPER 
PLEISTOCENE    DEPOSITS") 

MARINE     AND     CONTINENTAL      GRAVEL.    SANO.     SANO*     IILT,    SILT. 
AND     CLAr     WITH     SHALE      PEBBLES 

SAN      PEDRO     FORMATION     (INCLUDES    "L*    mABRA 
CONGLOMERATE''  AND   PART    OF    "SAUGUS   FORMATION") 

MARINE      AND     CONTINENTAL     GRAVEL.    SANO,     SANDY     SILT.     SILT. 
AND     CLAY 

UNDIFFERENTIATED      SAN     PEDRO     FORMATION     AND/ OR 
PICO     FORMATION 

MARINE,     PARTIALLY     CONSOLIDATED     GRAVEL.     SAND.     S'LT, 
ANO    CLAY 


PLIOCENES 


PICO     FORMATION 

MARINE     SANO.    MU,     ANO     CLAY    INTERSEDDEO 


Cjrj 


REPE  TTO     FORMATION 
MARINE     SILTSTONE     WITH 
CONGLOMERATE 


LAYERS     OF     SANDSTONE     ANO 


r*~i 


E(?>^ 


rrn 


PALEOCENEl?)   I 


(SANTA     MONICA    MOUNTAINS) 
MODELO      FORMATION 

MARINE    CONGLOMERATIC    SANDSTONE,    SANDSTONE,    AND    SHALE 

TOPANGA     FORMATION 

MARINE     CONGLOMERATE.    SANDSTONE.    ANO    SHALE 

(PALOS     VERDES     HILLSI 
MONTEREY      FORMATION 

MODSTONE,     DlATOMITE.    AND    SHALE 

(ELVSlAN     HILLS,     REPETTO     MILLS,     AND    PUENTE     HILLS) 
PUENTE      FORMATION 

MARINE      SILTSTONE.     SANDSTONE.    SHALE,    CONGLOMERATE, 
LIMESTONE.     ANO      TUFF 

VAQUEROS     AND     SESPE      FORMATIONS 

CONTINENTAL    REO     CONGLOMERATE    ANO    SANDSTONE 


MARTINE  Z      FORMATION 

MARINE     CONGLOMERATE.    SANDSTONE.   SANDY     SHALE.    ANO 

SHALE 

UNDIVIDED     MARTINEZ     AND     CHlCO     FORMATIONS 

CHICO     FORMATION 

UPPER   MARINE    MEMBER-HARD   CONGLOMERATE.   SANDSTONE. 

ANO    SHALE 

LOWER     CONTINENTAL    MEMBER-REO    CONGLOMERATE     ANO 

SANDSTONE 


IGNEOUS      AND     METAMORPMIC     ROCKS 


OLCANIC      ROCKS 

ECCIAS,     TUFFS,     AND     INtHuSIVES      CHIEFLY 


r~y~i 


MIDDLE     MIOCENE 

VOLCANIC     FLOWS. 

BASALTIC    AND    ANDESiTlC     WITH     OCCASIONAL    AC'O    ROCKS 

GENERALLY    ASSOCIATED    WITH    TOPAN&A,    MODELO.    OR    PUENTE 

FORMATIONS 


(SANTA      MONICA      MOUNTAINS) 

INTRuSlVES    OF    GRANITE     AND    CRANODlORlTE 


(PALOS      VERDES      HILLS) 

CATALINA     SCHIST      COMPARED     WITH     FRANCISCAN     FORMATION 
OF    THE     COAST     RANGES      VARIED     TYPES     OF     SCHISTOSE     ROCKS 


SANTA      MONICA      SLATE 

GREY     TO     BLACK     SLATE,    SPOTTED    SLATE,    MICA    SCHIST 
WITH     QUARTZ    VEINS 


LEGEND 


FAULT  (DASHEO  WHERE   APPROXIMATLY  LOCATED-, 
U-UPTHROWN    SIDE;  O-OOWNTHROWN  SIOE ) 

CONCEALEO  FAULT 

ANTICLINE  (DASHED   WHERE  APPROXIMATLY 
LOCATED. 

SYNCLlNE  (DASHED  WHERE  APPROXIMATLY 

LOCATED. 

CONTACT  (DASHED  WHERE    APPROXIMATLY 
LOCATED. 

WELLS  USEO  IN  PREPARATION  OF  GEOLOGIC 
SECTIONS. 

LINE  LOCATION  OF  GEOLOGIC  SECTIONS  SHOWN 
ON  PLATES   6A  THROUGH  6G 


•TAT*  OP  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 

IOUTHIRN     CALIFORNIA      DISTRICT 

GROUND    WATER    GEOLOGY   OF    THE 

COASTAL     PLAIN    OF 

LOS    ANGELES     COUNTY 

AREAL  GEOLOGY 


SCALE    OF    MILES 
0  I  2 


PLATE     3A 


LEGEND 


SEDIMENTARY     ROCKS 


Qol  ALLUVIUM 
GRAVEL  .     SANO.     SIL 


I       Q$f       I       ACTIVE      OUNE      SAND 

WHITE     OR     GREYISH,     WELL     SORTED     SANO 


PLEISTOCENE-^ 


OlN 


,  Qsp-pp] 


OLDER      DUNE      SAND 

FINE      TO      MEDIUM     SAND     WIT 


S'LT      ANO    ORAvEL     LENSES 


LAKEWOOD     FORMATION     [INCLUDES      TERRACE    DEPOSITS'.' 
"PALOS   VERGES    SANO."    AND    "UNNAMEO    UPPER 
PLEISTOCENE    OEPOSlTS") 

MARINE     AND     CONTINENTAL      GRAVEL.    SAND.    SANOY     SILT.    HIT. 
AND    CLAY     WITH     SHALC      PtBBLeS 

SAN      PEORO     FORMATION     (INCLUDES     "LA    MA8RA 
CONGLOMERATE"   ANO   PART    OF    "SAUGUS   FORMATION") 

MARIN  F      AND      CONTlNFNTAL     GRAVEL.     SAND.     SANOT     SILT,     SILT. 
ANO    CLAT 

UNDIFFERENTIATED     SAN     PEDRO     FORMATION     AND/ OR 
PICO     FORMATION 

MARINE.    PARTIALLY    CONSOLIDATED    GRAVEL.    SAND.    SILT, 

AND    CLAY 


PLIOCENE-^ 


_P?_ 


PICO     FORMATION 

MARINE     SAND,    SILT, 


INO    CLAT    INTERBEODEO     WITH    GRAVEL 


jKXR^JH       REPETTO     FORMATION 


-AYERS    Of    SANDSTONE     AND 


Ms 


E<?>^ 


3ZJ 


,     PALEOCENEt?)  I 


(SANTA     MONICA     MOUNTAINS) 
MODELO      FORMATION 

MARINE     CONGLOMERATIC    SANDSTONE.    SANDSTONE.    ANO    SHAlE 

TOPANGA     FORMATION 

MARINE     CONGLOMERATE,    SANDSTONE.    ANO     SHAlE 

(PALOS     VERDES     MILLS! 
MON  TERET      FORMATION 

MuDSTONE,     DlATOMlTE.     AND    SHALE 

IELYSIAN     HILLS.     REPETTO     MILLS.     AND    PUENTE     HILLS) 
PUENTE      FORMATION 

MARINE     SILTSTONE,    SANOSTONE.    SHALE.    CONGLOMERATE. 

LIMESTONE,     AND      TuFF 

VAQUEROS     AND     SESPE     FORMATIONS 

CONTINENTAL     RED     CONGLOMERATE     ANO    SANDSTONE 


MARTINEZ     FORMATION 


UNDIVIDED     MARTINEZ     AND     CHICO     FORMATIONS 


cr 


CHICO     FORMATION 


IGNEOUS      AND     METAMORPHIC      ROCKS 

MIDDLE     MIOCENE     VOLCANIC     ROCKS 

VOLCANIC    FLOWS,  BRECCIAS,     TUFFS,    ANO    (NTRuSivES      CHiEFL' 
BASALTIC    ANO     ANOES1T1C     WiTh     OCCASIONAL    ACiO    R0C"S 
GENERALLY     ASSOCIATED    WITH    topanGA.    MODElO.    OR    PUENTE 
FORMATIONS 


(SANTA     MONICA     MOUNTAINS) 

INTRUSIVES    OF    GRANITE     AND    GRANOO'ORlTE 


(PALOS      VERDES     HILLS) 

CATALINA     SCHIST      COMPARED      WiTH     FRANCISCAN     FORMATION 
OF    THE     COAST    RANGES     VARIED    TYPES    OF    SCHISTOSE    ROCKS 


SANTA      MONICA      SLATE 

GREY     TO     BLACK     SLATE,    SPOTTEO    SLATE.     MICA    SCHIST 
WITH     QUARTZ    VEINS 


LEGEND 


FAULT   (DASHED  WHERE  APPROXIMATLY  LOCATED; 
U-UPTHROWN   SIDE;   D-DOWNTHROWN  SIDE) 

CONCEALED  FAULT 

ANTICLINE  (DASHED   WHERE  APPROXIMATLY 

LOCATED. 

SYNCLINE   (DASHED   WHERE  APPROXIMATE 
LOCATED. 

CONTACT  (DASHED  WHERE  APPROXIMATLY 

LOCATED. 

WELLS  USED  IN  PREPARATION  OF  GEOLOGIC 
SECTIONS. 

A*        LINE  LOCATION   OF  GEOLOGIC  SECTIONS  SHOWN 
ON  PLATES   6A  THROUGH  6G 


VTATK  OP  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 
■OUTHIRN     CALIFORNIA      DISTRICT 

GROUND    WATER    GEOLOGY   OF    THE 

COASTAL     PLAIN    OF 

LOS    ANGELES     COUNTY 

AREAL  GEOLOGY 


SCALE    OF    MILES 
0  I  2 


PLATE     3B 


LEGEND 


Qui 


Oif 


SEDIMENTARY     ROCKS 


ALLUVIUM 

•  HAVEL.     SAND,     IILT,    AND    CIK 


ACTIVE     OUNE     SAND 
WN.TI      O*     AAIYUM. 


SOATCO     SANO 


PLEISTOCENE  < 


mm 


Qlw     | 


7      V  ''      ' 


PLIOCENE^ 


'"1 


PALEOCENEI?) 


[o«p-;ppi 


LJTJ 


OLDER     DUNE     SANO 
finc    to   mcoium   sano  with   iilt,   ano  0*avcl    un1m 

lakewooo    formation    onclu0e5  "terrace  deposits" 
"palos  verges  sano."  and  'unnamed  upper 
pleistocene  oeposits") 

MARlNC     AND     CONTINENTAL      GR.vEl       SANO.    3ANDT     IILT,    SILT. 
AND  »'      •'"      SHALl       MIlLCS 

SAN      PEDRO     FORMATION     (INCLUDES    ~LA    HA8RA 
CONGLOMERATE"  ANO   PART    OF    "SAUGUS   FORMATION") 

MARINE      AND     CONTINENT*.      G«iv(l,     SAND.     SANOY     IN.T,     JILT, 
ANO     CLAY 

UNDIFFERENTIATED     SAN     PEDRO     FORMATION     AND/ OR 
PICO     FORMATION 

MARINE.    PARTIALLY    CONSOLIDATED    ORAVCL.    SANO.    SILT. 


PICO     FORMATION 

MARINE     SANO,    SILT.     ANO    CLAY     INT(R«0010     WITH     GRAVE, 

REPETTO    FORMATION 

MARlNC      SILTSTONC     WITH    LAYERS     OF     SANDSTONE     ANO 
CONGLOMERATE 


(SANTA     MONICA     MOUNTAINS) 
MODELO      FORMATION 

MARINE    CONGLOMERATIC    SANDSTONE,    SANDSTONE,    ANO    SHALE 


(PALOS    VER0E5     hillSI 
MONTEREY      FORMATION 

MUOSTONC.     O'ATOMlTC.     ANO    SHALE 

(ELYSIAN     HILLS.     REPETTO     HILLS,     AND    PUENTE     HILLS) 
PUENTE      FORMATION 

MARINE     9ILTST0NE.    SANOSTONC  .   SHALE  ,    CON  Ol  0  UCR  AT  E  . 

LIMESTONE,     AND      TUFF 

VAOUEROS     ANO     SESPE     FORMATIONS 

CONTINENTAL    RED     CONGLOMERATE    AND    3AN03TONC 


I       MARTINEZ     FORMATION 

'  MARINE     CONGLOMERATE.    SANDSTONE,    SANDY     SWALC,    ANO 

SHALE 

|       E-K     ']       UNDIVIDED     MARTINEZ     ANO     CHlCO     FORMATIONS 

K»         |       CHlCO     FORMATION 

UPPER    MARINE    MEMBER-HARD    CONOlOMCRATE  ,    SANOSTONC. 

ANO    3HALC 

LOWER     continental    MCMIER-RED    CONOLOUERATE     ANO 

SANOSTONC 


LEGEND 


—        FAULT   (DASHED  WHERE  APPROXIMATLY  LOCATED; 
U-UPTHROWN    SIDE;   D-DOWNTHROWN  SIDE) 


z 


CONCEALED  FAULT 


ANTICLINE  (DASHED    WHERE   APPROXIMATLY 
LOCATED. 


—  SYNCLINE  (DASHED  WHERE  APPROXIMATLY 
LOCATED. 

—  CONTACT (DASHED  WHERE  APPROXIMATLY 
LOCATED. 

WELLS  USED  IN  PREPARATION  OF  GEOLOGIC 
SECTIONS. 

A'        LINE  LOCATION   OF  GEOLOGIC  SECTIONS  SHOWN 
ON  PLATES    6A  THROUGH  6G. 


+ 


IGNEOUS     AND     METAMORPHIC     ROCKS 


MIDDLE     MIOCENE      VOLCANIC     ROCKS 

VOLCANIC    FLOWS.  IRCCCIAS.     TUFFS,    AND    INTRU3IVC3      CHlCFLT 
•  ASALTlC    ANO    ANDE3ITIC    WIT 
GENERALLY    ASSOCIATED    WITH 
FORMATIONS 


(SANTA     MONICA     MOUNTAINS) 

INTRUS'VES    OF    ORANlTE     ANO    ORANODlORlTE 


(PALOS     VERGES     MILLS) 

CATALINA     SCHIST      COMPARED     WITH     FRANCISCAN     FORMATION 
OF    THE     C0A3T    RANOES     VARIED    TyRES    OF    SCHISTOSE    ROCKS 


SANTA     MONICA      SLATE 


kTTATl  Of  CAUFOfHH 

DEPARTMENT  OF  WATER  RESOURCES 

lOUTHItM      CALlPORtNIA      0HTR1ICT 

GROUND  WATER  GEOLOGY  OF  THE 

COASTAL  PLAIN  OF 

LOS  ANGELES  COUNTY 

areai/geology 

SCALE    OF    MILES 


PLATE     3B 


LEGENO 


SEOIMENTARy     ROCKS 


Qpl        ]       ALLUVIUM 

OH*v(l.     SANO.     SILT,    AND    CL  «T 


Qir 


ACTIVE     DUNE     SAND 

WNITC     ON     SNCTISN.     WfLL     SONTCO     SAND 


PLEISTOCENE  J. 


PLIOCENE^ 


_0«p-PpJ 


L5TJ 


OLDER     DUNE     SANO 

'    II       TO     MCD'UM     SANO     WITH. 


I'll      AND    0"*v(l 


LENSES 


LAKEWOOD     FORMATION     (INCLUDES    "TERRACE    DEPOSITS!1 
"PALOS   VEROES    SAND,"    AND    'UNNAMED    UPPER 
PLEISTOCENE    DEPOSITS") 

MARINE     ANO     CONTINENTAL      QRAVCL.    IAN0.     SAND*     SILT,    SILT. 

ANO   Clat    with    shale    REMLC3 

SAN      PEDRO     FORMATION     (INCLUDES    "LA    HABRA 
CONGLOMERATE"   ANO   PART    OF    "SAUGUS   FORMATION") 

««»iM      ANO     CONTINENTAL     ORAvEl,     SANO.     SANDY     SILT.     SILT. 
ANO    CLAY 

UNDIFFERENTIATED     SAN     PEDRO     FORMATION     AND/OR 
PiCO     FORMATION 

MARINE.     PARTIALLY     CONSOLIDATED    QRAVEL .    SANO.     SILT, 

ANO     CLAT 

PICO     FORMATION 

MARINE     SANO.    SILT,     ANO     CLAT     INTERICOOCD     WITH    ORAVEL 


REPETTO     FORMATION 

MARINE     JILTSTONE     WITH 
CONGLOMERATE 


YEAS    Of     SANDSTONE     ANO 


LXJ 


E-K 
KV 


(SANTA     MONICA    MOUNTAINS) 
MODELO      FORMATION 

MARINE     CONGLOMERATIC     SANDSTONE.    SANDSTONE.     AND    SHALE 


(PALOS     VEROES     MILLS) 
MONTEREY      FORMATION 

MUOSTONE.    DlATOMlTE.     AND    SHALC 

(ELYSIAN     MILLS.     REPETTO     HILLS,     AND    PUENTE     HILLS) 
PUENTE      FORMATION 

MARINE     SILT9T0NE,    SANDSTONE,    SHALE,    CONOLOMERATE, 

LIMESTONE.    ANO     TUFF 

VAQUEROS     AND     SESPE     FORMATIONS 

CONTINENTAL    RED     CONGLOMERATE    AND    3AN09TONE 


MARTINEZ     FORMATION 

MARINE    CON6L0MERATE.    SANDSTONE.  3ANOY    SMALE.    ANO 
SHALC 

UNDIVIDED     MARTINEZ     AND     CHlCO     FORMATIONS 

CHICO     FORMATION 

UPPER    MARINE    MEMAER-HAAO    CONGLOMERATE,    SANDSTONE. 

ANO    SMALE 

LOWER    CONTINENTAL    MEMRER-REO    CONOLOMERATE     AND 

SANDSTONC 


LEGEND 


—  FAULT   (DASHED  WHERE  APPROXIMATELY  LOCATED; 
U-UPTHROWN    SIDE;   D-DOWNTHROWN  SIDE  J 

CONCEALED  FAULT 

ANTICLINE  IDASHEO    WHERE   APPROXIMATLY 

LOCATED. 

—  SYNCLINE  {DASHED  WHERE  APPROXIMATLY 
LOCATED. 

—        CONTACT  (DASHEO  WHERE   APPROXIMATLY 
LOCATED. 

WELLS  USED  IN  PREPARATION  OF  GEOLOGIC 
SECTIONS. 

A'        LINE  LOCATION   OF  GEOLOGIC  SECTIONS  SHOWN 
ON  PLATES   6A  THROUGH  6G. 


IGNEOUS      AND     METAMORPHIC      ROCKS 
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TABLE  A 


SPECIFIC  YIELD  VALUES 
Used  in  Coastal  Plain  of  Los  Angeles  County 

(After  State  Water  Rights  Board  Revised  Values  of 
Specific  Yield  as  used  for  San  Fernando  Valley  Reference, 

7/9/59,  which  is  based  on  values  used  in  Bulletin  U5, 
Geology  and  Ground  Water  Storage  Capacity  of  Valley  Fill) 
^Specific  yield  values  above  base  of  Bellflower  aquiclude  = 

*00  Percent  -  Bellflower  Aquiclude 


00 


Adobe 

Boulders  in  clay 

Cemented  clay 

Clay 

Clayey  loam 

Decomposed  shale 


03  Percent  -  Clay  and  Shale 

Granite  clay 

Hard  clay 

Hard  pan 

Hard  sandy  shale 

Hard  shell 

Muck 


Shale 

Shaley  clay 
Shell  rock 
Silty  clay  loam 
Soaps tone 


Chalk  rock 
Clay  and  gravel 
Clayey  sand 
Clayey  silt 
Conglomerate 
Decomposed  granite 
Gravelly  clay 
Loam 


05  Percent  -  Clayey  Sand  and  Silt 

Rotten  conglomerate 
Rotten  granite 
Sand  and  clay 
Sand  and  silt 
Sand  rock 
Sandstone 
Sandy  clay 
Sandy  silt 


Sediment 
Shaley  gravel 
Silt 

Silty  clay 
Silty  loam 
Silty  sand 
Soil 


10  Percent  -  Cemented  or  Tight  Sand  or  Gravel 


Caliche 

Cemented  boulders 

Cemented  gravel 

Cemented  sand 

Cemented  sand  and  gravel 


Dead  gravel 
Dead  sand 
Dirty  pack  sand 
Hard  gravel 
Hard  sand 


Heavy  rocks 
Soft  sandstone 
Tight  boulders 
Tight  coarse  gravel 


Cobbles  and  gravel 
Coarse  gravel 
Boulders 
Broken  rocks 
Gravel  and  boulders 


Ik   Percent  -  Gravel  and  Boulders 

Heaving  gravel 

Heavy  gravel 

Large  gravel 

Rocks 

Sand  and  gravel,  silty 


Silty  sand 
Tight  fine  gravel 
Tight  medium  gravel 
Muddy  sand 
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SPECIFIC  YIELD  VALUES 
(continued) 


16  Percent  -  Fine  Sand 


Fine  sand  Quicksand  Sand,  gravel  and 

Heaving  sand  Sand  and  boulders  boulders 


Tight  sand 


21  -  23  Percent  -  Sand  and  Gravel 


Dry  gravel  Gravelly  sand  Sand 

Loose  gravel  Medium  gravel  Water  gravel 


26  Percent  -  Coarse  Sand  and  Fine  Gravel 
Coarse  sand  Fine  gravel  Medium  sand 


Value  of  one  added  to  given  value  where  streaks  of  sand  or 
gravel  occur  in  clay  or  clayey  material. 
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TRANSMISSIBILTTY  TEST  PROCEDURES 

The  transmissibility  rates  of  aquifers  penetrated  by  veils  in 
the  Coastal  Plain  of  Los  Angeles  County  were  determined  by  the  use  of 
drawdown  and  recovery  tests,  in  addition  to  other  available  data.   A  draw- 
down test  is  one  in  which  measurements  of  the  ground  water  levels  are  taken 
starting  the  moment  the  well  is  turned  on  and  continued  as  long  as  possible 
or  until  the  water  level  stabilizes  or  draws  down  very  slowly.  The  meas- 
urements are  usually  taken  in  an  observation  well  perforated  in  the  same 
aquifer  as  the  pumping  well,  but  the  measurements  may  be  taken  in  the  pump- 
ing well.  The  quantity  of  ground  water  pumped  is  also  measured. 

A  recovery  test  is  essentially  the  reverse  of  a  drawdown  test. 
A  well  is  pumped  for  a  known  amount  of  time  and  the  discharge  measured. 
Starting  at  the  time  the  pump  is  shut  off,  ground  water  levels  are  meas- 
ured at  frequent  intervals.  The  measurements  are  continued  until  the  static 
level  is  approximately  reached  (the  static  water  level  is  where  the  water 
level  in  the  well  would  stand  if  not  affected  by  pumping  in  the  well  or  in 
nearby  wells).  The  water  level  measurements  are  made  in  the  pumping  well, 
or  in  a  nearby  observation  well  perforated  in  the  same  aquifer  as  the  pump- 
ing well. 

In  both  tests,  the  change  in  water  level  can  be  plotted  against 
the  time  required  for  the  change.   Using  formulas  previously  determined, 
the  transmissibility,  horizontal  permeability,  storage  coefficient,  and 
vertical  permeability  can  be  computed  when  a  pumping  and  observation  well 
are  used  together.   When  a  test  is  run  in  the  pumping  well,  generally  only 
transmissibility  and  horizontal  permeability  can  be  determined. 
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The  transmissibility  rate,  or  the  coefficient  of  transmis- 
sibility,  is  the  flow  of  water,  in  gallons  per  day  at  the  prevailing 
water  temperature,  through  a  vertical  strip  of  the  aquifer  one  foot  wide 
having  a  height  equal  to  the  thickness  of  the  aquifer  and  under  a  unit 
hydraulic  gradient.   It  has  also  been  described  at  "the  field  coefficient  of 
permeability"  multiplied  by  the  thickness,  in  feet,  of  the  saturated  part 
of  the  aquifer. 

The  permeability  of  a  material  is  its  capacity  for  transmitting 
a  fluid.  The  coefficient  of  permeability  is  the  rate  of  flow  of  water 
in  gallons  a  day  through  a  cross  section  of  one  square  foot  under  a  unit 
hydraulic  gradient.  The  standard  coefficient  is  defined  for  water  at  a 
temperature  of  60°F.  The  field  coefficient  requires  no  temperature 
adjustment  and  the  units  are  stated  in  terms  of  the  prevailing  water  tem- 
perature . 

The  horizontal  permeability  refers  to  the  flow  of  water  into  a 
pumping  well  from  an  aquifer  penetrated  by  the  well. 

Vertical  permeability  as  used  in  this  attachment  refers  to  the 
movement  of  water  through  a  confining  bed  into  the  underlying  aquifer. 

The  leakage  coefficient  is  used  to  describe  the  numerical 
quantity  derived  by  dividing  the  vertical  permeability  of  a  confining  bed 
by  the  thickness  in  feet  through  which  this  leakage  occurs. 

Storage  coefficient,  or  the  coefficient  of  storage,  is  the 
volume  of  water  in  cubic  feet  released  from  storage  in  each  vertical 
column  of  water  having  a  base  one  foot  square  when  the  water  table  or 
piezometric  surface  declines  one  foot.   It  is  expressed  as  a  decimal  figure 
with  no  units. 


2-25 


An  aquifer  is  a  geologic  formation,  group  of  formations,  or  part 
of  a  formation  that  transmits  water  in  sufficient  quantity  to  supply  pump- 
ing wells  or  springs. 
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Assignment  of  Transmissibility  Rates  to  Aquifer 
The  transmissibility  rates  for  each  aquifer  and  overall  trans- 
missibility rates  for  the  coastal  plain  that  were  presented  in  this  report 
were  computed  in  the  following  manner: 

1.  All  well  logs  used  in  the  investigation  were  classified  as  to 
the  aquifers  intercepted  and  to  the  thickness  of  each  aquifer 
at  that  well. 

2.  Permeability  values  of  sediments  were  obtained  from  the 
transmissibility  tests  previously  discussed.  The  results  of 
these  tests,  summarized  on  Table  C,  were  used  as  a  basis  for 
assigning  representative  values  to  the  various  materials 
encountered  in  the  sediments.  This  simplification  was 
necessary  to  reduce  the  amount  of  tine  that  would  otherwise 
have  been  necessary  to  evaluate  each  well  log  separately. 
The  representative  values  of  permeability  used  in  the  study 
are  tabulated  in  Table  D,  following. 

3.  Using  the  values  in  Table  D,  a  tabulation  for  each  well  log 
was  completed  that  listed  the  materials  encountered,  the 
thickness  of  the  material,  and  the  permeability  values  used. 
By  multiplying  the  thickness  of  each  material  by  its  permea- 
bility value,  and  adding  together  these  products  for  the 
various  materials  found  in  each  aquifer,  the  transmissibility 
rates  of  individual  aquifers  were  computed  for  each  well 
location. 

k.     The  transmissibility  values  for  each  aquifer  were  plotted  on 
maps  of  the  coastal  plain  that  also  delineated  lines  of 
equal  thickness  of  the  particular  aquifer  in  order  to  correlate 
the  two.   Contour  lines  of  equal  transmissibility  rates  were 
then  drawn  and  interpolated  and  extrapolated  into  areas  with 
only  sparse  data  control.   These  contour  lines  are  shown  on 
Plates  26A  to  26H  for  each  aquifer. 

5.   Transmissibility  rates  at  the  northeast  corner  of  each  section 
for  each  aquifer  were  taken  off  the  maps  and  tabulated.   The 
values  for  each  aquifer  at  each  section  corner  were  totaled, 
obtaining  an  overall  transmissibility  rate  for  that  location. 
These  overall  rates  were  also  plotted  on  a  map  and  contours 
drawn  representing  lines  of  equal  total  transmissibility  rates. 
This  map  of  generalized  lines  of  total  transmissibility  is 
presented  as  Plate  26l. 
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TABLE  D 

PERMEABILITY  VALUES 

ASSIGNED  TO  DRILLERS  LOGS 


Sandy  Clay  

(includes  gravelly  clay,  clay  and  sand, 
clayey  sand,  etc . ) 

Sand   

Gravel  (includes  sand  and  gravel) 

Gaspur  Aquifer  

Ballona  Aquifer   

Marine  Gravels  (Silverado,  Sunnyside,  and 

portion  of  Lynwood  aquifers) 

Nonmarine  Gravels  (Gardena,  Artesia,  Exposition, 
Jefferson,  Hollydale,  and  portion  of 
Lynwood  Aquifer) 

Gravel  with  Clay  Streaks 

Clay 


50gpd/ft£ 


500gpd/ft2 

l*000gpd/ft2 
2000gpd/ft 

1500gpd/ft2 

1000gpd/ft2 

one -half  of 
above  values 
for  gravel 

0 
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Well  Numbering  System 

The  well  numbering  system  employed  herein  is  that  utilized  by 
the  United  States  Geological  Survey,  according  to  the  township,  range, 
and  section  subdivision  of  the  Federal  Land  Survey.   It  conforms  to  that 
used  in  all  ground  water  investigations  by  the  U.  S.  Geological  Survey 
in  California  and  has  been  adopted  by  the  Department  of  Water  Resources. 

Under  the  system,  each  section  is  divided  into  sixteen  40-acre 
plots,  which  are  lettered  as  follows: 


;  d 

;  c 

"   B 

a  ; 

! E 

;  f 

;  g 

i H  ! 

;  m 

;  l 

;  k 

j  ; 

;  n 

;  p 

!  Q 

R    j 

Wells  are  numbered  within  each  of  these  40-acre  plots  according 
to  the  order  in  which  they  are  located.  For  example,  a  well  having  the 
number  2S/11W-26B8  would  be  in  Township  2  South,  Range  11  West,  Sec- 
tion 26,  and  would  be  further  identified  as  the  8th  well  located  in  the 
40-acre  plot  lettered  B.  Each  well  must  be  referenced  to  a  particular 
Base  and  Meridian  line,  such  as  S.  B.  B.  &  M.  for  San  Bernardino  Base 
and  Meridian  (Southern  California)  or  M.  D.  B.  &  M.  for  Mount  Diablo 
Base  and  Meridian  (Central  California)  and  H.  B.  &  M.  for  Humbolt  Base 
and  Meridian  (Northern  California) . 

Definitions 
Anticline  -  Term  applied  to  strata  which  dip  in  opposite  directions  from 
a  common  ridge  or  axis,  like  the  roof  of  a  house,  and  from  what  is 
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termed  an  "anticline"  or  "saddleback"  (Page  D,  Handbook  of  Geological 
Terms,  London,  1859). 

Aquiclude  -  A  formation  which,  although  porous  and  capable  of  absorbing 
water  slowly,  will  not  transmit  it  fast  enough  to  furnish  an  appreciable 
supply  for  a  well  or  spring.   (Tolman,  1937,  P«  557) • 

Aquifer  -  A  geologic  formation,  group  of  formations,  or  part  of  a  forma- 
tion that  transmits  water  in  sufficient  quantity  to  supply  pumping  wells 
or  springs. 

Confined  Ground  Water  -  A  body  of  ground  water  overlain  by  material 
sufficiently  impervious  to  sever  free  hydraulic  connection  with  overlying 
ground  water  except  at  the  intake.  Confined  water  moves  in  conduits 
under  pressure  due  to  the  difference  in  head  between  the  intake  and  dis- 
charge areas  of  the  confined  water  body.   (Tolman,  1937*  P>  558). 
Connate  Water  -  Water  entrapped  in  the  interstices  of  a  sedimentary  rock 
at  the  time  it  was  deposited.   (Tolman,  1937,  P-  558)-  These  waters  may 
be  fresh,  brackish,  or  saline  in  character.  Because  of  the  dynamic 
geologic  and  hydrologic  conditions  in  California  this  definition  has 
been  altered  in  practice  to  apply  to  water  in  older  formations,  even 
though  in  these  the  water  may  have  been  altered  in  quality  since  the  rock 
was  originally  deposited. 

Free  Ground  Water  -  Water  in  interconnected  interstices  in  the  zone  of 
saturation  down  to  the  first  impervious  barrier,  moving  under  the 
control  of  the  water-table  slope.   (Tolman,  1937,  P-  559) - 
Graben  -  Fault  block  bounded  on  both  sides  by  gravity  faults,  generally 
long  compared  to  its  width,  that  has  been  lowered  relative  to  the  blocks 
on  either  side.   (Billings,  195^,  P-  203). 
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Horst  -  A  block  of  the  earth's  crust,  generally  long  compared  to  its  width, 

bounded  on  both  sides  by  gravity  faults,  that  has  been  uplifted  relative  to 

the  blocks  on  either  side.   (Billings,  195^,  p.  203). 

Impermeable  -  Impervious.  Having  a  texture  that  does  not  permit  water  to 

move  through  it  perceptibly  under  the  head  differences  ordinarily  found 

in  subsurface  water.   (  Meinzer,  1923>  p.  20). 

Isopach  or  Isopachous  line  -  A  line  drawn  on  a  map  through  points  of 

equal  thickness  of  a  designated  unit.   (Glossary  of  Geology  and  Related 

Sciences,  1957). 

Orogeny  -  The  process  of  mountain  building  (Fay,  1920). 

Perched  Ground  Water  -  Ground  water  occurring  in  a  saturated  zone 

separated  from  the  main  body  of  ground  water  by  unsaturated  rock  (Tolman, 

1937,  P.  562). 

Permeability  -  The  permeability  (or  perviousness)  of  rock  is  its  capacity 

for  transmitting  a  fluid.  Degree  of  permeability  depends  upon  the  size 

and  shape  of  the  pores,  the  size  and  shape  of  their  interconnections,  and 

the  extent  of  the  latter.   (Glossary  of  Geology  and  Related  Sciences,  1957, 

p.  217). 

Permeability,  field  coefficient  of  -  The  amount  of  water  moving  through 

a  unit  area  of  aquifer  per  unit  time  under  unit  hydraulic  gradient  at 

the  natural  temperature.  Ordinarily  in  gallons  per  day  per  square  foot. 

Permeability,  coefficient  of  -  Same  as  above,  except  that  a  reference 

temperature  of  60  degrees  Fahrenheit  is  defined.  Other  units  are  also 

used  such  as  cubic  feet  per  second  per  square  foot,  acre- feet  per  year 

per  square  foot,  etc. 
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Permeable  -  Pervious.  Having  a  texture  that  permits  water  to  move 
through  it  perceptibly  under  the  head  differences  ordinarily  found  in 
subsurface  water.   (Meinzer,  1923,  P-  29). 

Piedmont  Slope  -  "When  two  or  more  streams  flow  out  from  a  highland 
and  closely  adjacent  to  one  another  they  may  build  a  sloping  plain, 
which  is  relatively  high  near  the  highland  and  lower  further  out,  and 
which  is  composed  of  a  series  of  fans  in  whose  growth  there  has  been 
mutual  interference.  This  process  produces  a  piedmont  slope  or  series 
of  coalescing  fans."  (Bryan,  Kirk,  U.S.G.S.W.S.P.,  p.  26,  1923). 
Piezametric  Surface  -  The  piezometric  surface  of  an  aquifer  is  an 
imaginary  surface  that  everywhere  coincides  with  the  head  of  water  in 
the  aquifer.  (Meinzer,  19^). 

Specific  Yield  -  The  ratio  of  the  water  a  saturated  sediment  will  yield 
by  gravity  drainage  to  the  total  volume  of  the  sediment  and  water  prior 
to  draining,  customarily  expressed  in  percent. 

Storage  Coefficient  -  Volume  of  water  released  from  storage  in  each 
verticle  column  of  aquifer  having  a  base  one  foot  square  when  the  water 
level  declines  one  foot.  In  an  unconfined  aquifer  it  approximates 
specific  yield.  In  a  confined  aquifer  it  is  related  to  elasticity  of 
the  aquifer  and  is  usually  very  small. 

Syncline  -  A  fold  in  rocks  in  which  the  strata  dip  inward  from  both 
sides  toward  the  axis.  (Glossary  of  Geology  and  Related  Sciences,  1957). 
Transmissibility,  coefficient  of  -  The  rate  of  flow  of  water,  in  gallons 
a  day,  at  the  prevailing  water  temperature  through  each  vertical  strip, 
one  foot  wide,  having  a  height  equal  to  the  thickness  of  the  aquifer 
and  under  a  unit  hydraulic  gradient.   (Glossary  of  Geology  and  Related 
Sciences,  1957)- 
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Unconformity  -  A  surface  of  erosion  or  nondeposition,  usually  the  former, 
that  separates  younger  strata  from  older  rocks.  (Glossary  of  Geology 
and  Related  Sciences,  1957) • 
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